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FRONTISPIECE 
Moeraki township established along the northern coastline of Moeraki 
Peninsula, South Island, New Zealand. Salient varied relief in the 
township area is attributed to well delineated, deep-seated mass 
movement developed along the coastline. Oblique view looking inland 
west to the Southern Alps. 
(Photograph courtesy New Zealand Geological Survey) 
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Moeraki township has within its boundaries active mass 
movement jeopardizing housing and roading which necessitates 
comprehensive instability investigations for hazard mitigation. 
Geomorphological research identified salient deep-seated 
slope failure encompassing the entire township area developed 
within Tertiary mudstones; subsequent shallow instability 
amidst juxtaposed slide blocks has been accelerated by man and 
poses a major threat to residential development. 
Tertiary mudstone units in the field area are subject 
to strain "softening'' and were characterized as over-consolidated, 
blue-grey, silty clays containing an abundance of smectites. 
In-situ softening appeared expedited by high ground water 
pressures and yields a cohesive plastic clay of low strength 
prone to slope failure. 
Investigations were concentrated in two areas where 
active mass movement was threatening housing and roading. 
Severe damage in the two study areas was caused by well 
delineated cohesive flow-slide behaviour moving at rates in 
excess of 15 em per year principally via "drained" failure 
in response to rising ground water levels. Comparatively 
stable mudstone regolith/colluvium at low slope angles exhib-
ited "creep" deformation in the order of 2 em to 4 em per year, 
sufficient to damage building foundations. 
Incipient slope failure was assessed utilizing classical 
limit equilibrium analyses (Janbu, Generalised Procedure of 
Slices) and highlighted the inadequacies of such methods in 
dealing with real world scenarios such as "progressive slope 
failure". 
Data was collated to develop a model for evolving slope 
failure within mudstone; principle criteria controlling 
shallow instability were concluded as: 
iii 
1) extent of terrain activity 
2) ground water pressure. 
Mass movement susceptibility plans (scale 1:1000} were 
compiled for the township area based on the preceding failure 
model. Terrain evaluation was by subjective assessment of 
three factors; geology, geomorphology and hydrology. Finally, 
concise recommendations on land use zoning are outlined. 
CONTENTS 
CHAPTER ONE : INTRODUCTION 
1.1 INTRODUCTION 
1.2 THESIS OBJECTIVES 
1.3 MOERAKI PENINSULA 
l. 3.1 Location 
l. 3. 2 Geological Setting 
1.3.3 Vegetation 
1.3.4 Climate 
1.3.5 Land Use 
1.4 HISTORY OF INSTABILITY 
1.5 PREVIOUS RESEARCH 
CHAPTER TWO : GEOLOGY 
2.1 INTRODUCTION 
2.2 REGIONAL GEOLOGY 
2.3 STRATIGRAPHY 
2. 4 STRUCTURE 
2.5 QUATERNARY SYNTHESIS 
CHAPTER THREE : GEOMORPHOLOGY 
3.1 INTRODUCTION 
3.2 LANDFORM ASSOCIATION 
3.3 MASS MOVEMENT CLASSIFICATION 
3.3.1 Introduction 
3.3.2 Material 
3.3.3 Mechanisms of Movement 
3.3.4 Mode of Failure 
3.3.5 Terrain Activity 
3.3.6 Classification 
3.4 ENGINEERING GEOLOGICAL MAPPING 
3.4.1 Approach 
3.4.2 Bedrock Units 
3.4.3 Surficial Data 
3.4.4 Geomorphic Symbols 
iv 
Page 
1 
1 
1 
2 
2 
2 
4 
5 
5 
6 
8 
10 
10 
10 
14 
19 
20 
22 
22 
22 
24 
24 
26 
26 
29 
30 
30 
32 
32 
34 
35 
36 
3.5 
3.6 
3.7 
3.8 
MOERAKI SLIDE 
3.5.1 Introduction 
3.5.2 Morphology 
3.5.3 Failure Mechanism and Mode 
3.5.4 Stability 
DAVIDS ROAD SLIDE 
3.6.1 Introduction 
3.6.2 Morphology 
3.6.3 Failure Mechanism and Mode 
3.6.4 Stability 
EASTERN SLIDE COMPLEX 
3.7.1 Introduction 
3.7.2 Motor Camp Slide 
3.7.3 Tenby Street Failure 
3.7.4 Rotational Slide 
GEOMORPHOLOGIC EVOLUTION 
v 
Page 
37 
37 
37 
41 
43 
45 
45 
45 
47 
48 
50 
50 
50 
54 
56 
58 
CHAPTER FOUR : ENGINEERING GEOLOGY 61 
4.1 INTRODUCTION 61 
4.2 INVESTIGATION PROGRAMME 61 
4.3 CHARACTERIZATION OF THE HAMPDEN FORMATION 65 
4.3.1 Introduction 65 
4.3.2 Consistency Limits 
4.3.3 Grain-Size Analyses 
65 
69 
4.3.4 Density 70 
4.3.5 Clay Mineralogy 70 
4.3.6 Weathering 73 
4.3.7 Strength 84 
4.4 CHARACTERIZATION OF THE WAIAREKA FORMATION 95 
4.4.1 
4.4.2 
4.4.3 
4.4.4 
4.4.5 
4.4.6 
4.4.7 
Introduction 
Consistency Limits 
Grain-Size Analyses 
Density 
Mineralogy 
Weathering 
Strength 
95 
95 
97 
97 
97 
97 
99 
vi 
Page 
4.5 SYNTHESIS OF LITHOLOGICAL CHARACTERIZATION 101 
4.6 ACTIVE PROCESSES 104 
4.6.1 Mass Movement 104 
4.6.2 Hydrology 107 
4.6.3 Coastal Erosion 
CHAPTER FIVE : STABILITY INVESTIGATIONS 
5.1 INTRODUCTION 
5.2 MOTOR CAMP AREA 
5.2.1 Introduction 
5.2.2 Ground Water Monitoring 
5.2.3 Surveying 
5.2.4 Stability Assessment 
5.2.5 Remedial Options 
5.3 DAVIDS ROAD AREA 
5.3.1 Introduction 
5.3.2 
5.3.3 
5.3.4 
5.3.5 
Ground Water Monitoring 
Surveying 
Stability Assessment 
Remedial Options 
CHAPTER SIX : SLOPE STABILITY ASSESSMENT 
6.1 INTRODUCTION 
6.2 MODEL FOR SLOPE FAILURE WITHIN THE 
HAMPDEN FORMATION 
6.2.1 Introduction 
6.2.2 Inherent Mudstone Properties 
6.2.3 Instability Development 
6.2.4 Stability Criteria 
6.3 MASS MOVEMENT SUSCEPTIBILITY MAPPING 
6.3.1 Introduction 
6.3.2 Approach 
6.3.3 Scale 
6.3.4 Methodology 
6.3.5 Map Compilation 
6.3.6 Limitations 
6.3.7 Relative Mass Movement 
Susceptibility Units 
6.3.8 Susceptibility Map Criticism 
112 
115 
115 
116 
116 
122 
125 
132 
147 
149 
149 
153 
157 
162 
164 
165 
165 
166 
166 
166 
168 
173 
174 
174 
175 
178 
179 
184 
185 
185 
187 
6.4 RECOMMENDATIONS ON LAND-USE ZONING 
6.5 FURTHER INVESTIGATION REQUIRED 
CHAPTER SEVEN : CONCLUSIONS 
REFERENCES 
APPENDICES 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Geological Time Scale 
Climatalogical Data 
Consistency Limits · 
Grain-Size Analyses 
Clay Mineral Identification 
Strength Testing 
Subsurface Data 
Ground Water Monitoring 
Surveying 
Progressive Failure 
vii 
Page 
188 
190 
191 
192 
198, 
199 
200 
207 
209 
223 
238 
259 
263 
302 
Figure 
1.1 
1.2 
2.1 
2.2 
2.3 
2.4 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 
3.12 
3.13 
4.1 
4.2 
4.3 
4.4a 
4.4b 
4. 5. 
4.6 
LIST OF FIGURES 
General Location of Field Area 
Waitaki County District Planning Map of 
Moeraki 
Regional Geology 
Synthesis of Pre-Quaternary Geological History 
Geological sequence exposed along north-west 
shore platform 
Generalised Geology Map, Moeraki Peninsula 
Velocity profiles for ideal slope movement 
types 
Abbreviated Varnes classification of slope 
movement 
Slope failure mechanisms and modes 
Rate of slope movement, scale 
Geomorphological map delineating deep ...... seated 
instability 
Schematic diagram of Moeraki Slide 
Principal escarpments of the Moeraki Slide 
Primary and secondary escarpments of the 
Moeraki Slide 
Schematic diagram of Davids Road Slide 
Schematic diagram of Eastern Slide Complex 
Ampitheatre escarpment encompassing Eastern 
Slide Complex 
Eastern Slide Complex (Rotational, Tenby Street 
slides) 
Geomorphological evolution of Moeraki Peninsula 
Investigation Programme 
Hygroscopic water content/consistency parameter 
correlations for Hampden mudstone 
Hygroscopic water content/consistency parameter 
correlations for Hampden mudstone 
Analysis of field density data 
Balloon Densometer 
Weathering classification 
Slaking processes 
viii 
Page 
3 
7 
11 
13 
15 
17 
25 
25 
29 
31 
33 
38 
39 
40 
46 
51 
52 
55 
60 
62 
67 
68 
71 
71 
74 
76 
Figure 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 
4.13 
4.14a 
4.14b 
4.15 
4.16 
4.17 
4.18 
4.19 
4.20 
4.21 
4.22 
4.23a 
4.23b 
4.24 
4.25 
4.26 
4.27 
4.28 
4.29 
5.1 
5.2 
5.3 
Hematite and limonite oxidation 
Weathered yellow-brown Kurinui mudstone 
Model for in-situ mudstone softening 
Weathering zones comprising regolith model 
Oxidised relict joint dividing desiccated 
from moist in-situ mudstone 
Basal shear zone exposed along the northwestern 
shore platform 
Stress-strain characteristics for over-
consolidated clays 
Correlation of share vane data 
Geonor laboratory shear vane 
Graphical plot of triaxial data 
Hygroscopic water content/consistency parameter 
correlations for Volcanic regoliths 
General conditions for the formation of silicate 
clays and oxides 
Activity plot for Hampden Formation and Waiareka 
regoliths· 
Casagrande plot 
Summary of grain-size and consistency parameters 
for Hampden and Waiareka Formations 
Activity classification of clay fraction 
Incipient slope failure amidst Hampden mudstone 
damaging housing 
Typical mudstone regolith profile 
Characteristic morphology associated with 
failure of high and low angle mudstone slopes 
Wind blown trees accentuating slope failure 
Housing foundation damage attributed to mass 
"creep" 
Near-surface hydrologic balance 
Hypothetical graben structure and inferred 
ground water flow pattern 
Toppling failure amidst Kurinui mudstones 
Ineffectual remedial sea-wall northeastern, 
coastline 
Morphological regimes of the Motor Camp Area 
Regrading of the Motor Camp Slide western 
escarpment 
Well defined subsidence of Haven Street, Motor 
Camp Area 
ix 
Page 
80 
80 
81 
83 
85 
89 
90 
92 
92 
94 
96 
100 
102 
102 
103 
103 
105 & 106 
108 
108 
109 
109 
111 
111 
114 
114 
117 
118 
120 
Figure 
5.4 Propagating shear zone; Haven Street, Motor 
Camp Area 
5.5a&b Haven Street culvert, Motor Camp Area 
5.6 
5.7 
5.8 
5.9 
5.10 
Piezometric monitoring, Motor Camp Area 
Benchmark construction details 
Concealed survey benchmark 
Survey data/rainfall correlations for Central 
Region, Motor Camp Area 
Survey data/rainfall correlations for School 
Slip, Motor Camp Area 
5.11 Survey data/rainfall correlations for Domain 
Region, Motor Camp Area 
5.12a&b Janbu, Generalised Procedure of Slices -
terminology 
5.13 
5.14 
5.15 
Surveyed profile, Domain Slide, Motor Camp Area 
Coastal debris flow-slide, Davids Road Area 
Surveyed profile, coastal debris flow-slide, 
Davids· Road Area 
X 
Page 
120 
121 
124 
127 
127 
129 
130 
131 
134 
138 
139 
139 
5.16 Domain Region assessed as four separate sections 141 
5.17 
5.18 
5.19 
5.20 
5.21 
5.22 
by limit equilibrium analyses 
Hypothetical model for "progressive slope failure" 143 
School Slip, Motor Camp Area 145 
Surveyed profile, School Slip, Motor Camp Area 
Morphological regimes of the Davids Road Area 
Haven Street batter slope failure, Davids Road 
Area 
Propagating shear zone, Haven Street batter 
slope failure 
146 
150 
152 
152 
5.23a&b Ground water monitoring of Davids Road Area 155 
160 5.24 
5.25 
6.2 
6.3 
6.4 
Survey data/rainfall correlations for Haven 
Street batter slope failure, Davids Road Area 
Survey data/rainfall correlations for Coastal 
Reg ion,· Davids Road Area 
Hypothetical development of deep-seated slope 
failure amidst the Hampden mudstone 
Hypothetical evolution of shallow mass movement 
within Hampden mudstone 
Approach adopted for shallow mass movement 
susceptibility mapping 
Analytical system utilized for shallow mass 
movement susceptibility assessment 
161 
169 
171 
177 
180 
CONTENTS OF MAP ENCLOSURE 
Engineering Geology Map, Eastern Section of 
Moeraki Township (scale 1:1000) 
Engineering Geology Map, Western Section of 
Moeraki Township (scale ·1:1000) 
Surveyed Profile, Motor Camp Area (scale 1:100) 
Survey Network, Motor Camp Area (scale 1:1000) 
Surveyed Profile, Davids Road Area (scale 1:100) 
Survey Network, Davids Road Area (scale 1:1000) 
Mass Movement Susceptibility Map, Eastern 
Section of Moeraki Township (scale 1:1000) 
Mass Movement Susceptibility Map, Western 
Section of Meoraki Township (scale 1:1000) 
xi 
xii 
ACKNOWLEDGEMENTS 
My sincere thanks to the countless people who have 
encouraged, advised and assisted me during the time it took 
to complete this project; the following in particular deserve 
special mention. 
Mr B. Paterson (NZGS) who initiated the project and 
provided perceptive discussion throughout. 
The Waitaki County Council for continued financial 
support. 
Mr D.H. Bell and Dr Pettinga (University of Canterbury) 
for encouragement, astute supervision, and patient editing of 
thesis drafts. 
Mr B. Lockerbie (Waitaki County Council) without whose 
support and endless patience the field work undertaken would 
have proven impossible. 
Mr A. Greig and J. Hermann (University of Otago) who 
managed to instruct me in some of the mysteries of surveying. 
Glen Coates (University of Canterbury) for endeavouring 
to teach me the intricacies of grain-size analysis and the 
"Texas". Albert Downing for his photographic skills; Arthur 
Nichols plus J. van Dyke for maintenance in the wake of my testing 
programme and Mark Foley for inspired assistance with clay 
mineralogy and triaxial testing. 
Dr R. Davis (University of Canterbury) for enlightenment 
on 'slip circles' and all things mathematical. 
Mr and Mrs Kedsley and Moeraki township residents who 
made me so welcome and provided invaluable local knowledge 
pertaining to slope stability problems. 
Mrs Brenda Carter who patiently deciphered a cryptic 
scrawl into something resembling a thesis. 
To Chris, Gay, Fin, Sassy, Rats, Binky, Buttons and 
Bryce, sincere appreciation for assistance which 'kept me going'. 
Special thanks to my parents without whose encouragement 
and faith, the project would not have been possible. 
1 
CHAPTER ONE 
INTRODUCTION 
1.1 INTRODUCTION 
The township of Moeraki, situated in the South Island, 
New Zealand, is located on a sequence of well defined slope 
failures, and has within its boundaries areas of active slope 
deformation posing a threat to housing and/or reading. This 
project was undertaken to delineate zones susceptible to mass 
movement, and in doing so, to establish a sound basis for 
guidelines on future residential development. The relevance 
of this research to the local authority (Waitaki County Council) 
becomes apparent if reference is made to the statutory pro-
visions in the Town and Country Planning Act (1977) relating 
to this type of contingency. 
1.2 THESIS OBJECTIVES 
1. To compile detailed engineering geological maps 
(scale 1:1000) of Moeraki township which delineate 
the following features in relation to housing and 
reading: a) the extent and activity of mass 
movement 
b) bedrock geology _ 
c) drainage paths, springs etc •... 
2. To determine geotechnical properties of the 
surficial materials most prone to instability. 
3. To study in detail two regions where active slope 
failure is affecting housing and/or reading and 
subsequently suggest remedial options. 
4. To develop a hazard or mass movement susceptibility 
map for the township area which may provide guide-
lines for land-use zoning. 
1.3 MOERAKI PENINSULA 
1. 3.1 Location 
Moeraki township is established along the northern 
coastline of Moeraki Peninsula which is located on the east 
coast of the South Island, New Zealand, approximately 75 km 
north of Dunedin (Fig. 1.1). 
Topography of the peninsula is generally subdued and 
undulatory to the south with higher relief restricted to the 
north and northeastern sections; the highest point being 
Moeraki Trig Station (154.6 m) located in the far north-
western corner. 
2 
Moeraki township is situated about 1 km east of State 
Highway 1; it lies between 45°22' South Long. and 170°50' to 
170°52' East and borders 1.7 km of coastline covering an area 
of roughly 9.7 km. 
are: 
Published maps of the area used during the investigation 
- NZ Topographical Map 1:63360 Interim Series 
NZMS 1, Sheet 146, Moeraki. 
- NZ Geological Map, 1:250,000, Sheet 23, 
Oamaru. 
All metric grid references for specific locations are 
in terms of GEODETIC DATUM 1949. 
False Origin, Observation Point 
700 000 mN , 300 000 mE 
References quoted are to the nearest 50 m and in the 
format (Easting,Northing) with each graticule abridged to four 
figures, ie. Moeraki township jetty (317650E,750250N) is 
abbreviated to (7650E,0250N). 
1.3.2 Geological Setting 
The peninsula is bisected north-south by predominatly easterly 
dipping blue-grey glauconitic silty mudstones. Overlying and 
flanking these to the east and west are pyroclastic basaltic 
tuffs and agglomerates. The sequence is extensively intruded 
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by dolerite sills and associated dyke complexes. 
Higher relief to the north and east of the peninsula 
is associated with two extensive dolerite sills which form 
resistant caps and prevent erosion of softer underlying mud-
stone. 
4 
Intrusive sheet and dyke complexes appear to control 
degradation along the northern coast, where isolated dolerite 
outcrops form three resistant headlands separating bays eroded 
into mudstone. The eastern coast is essentially linear due 
to the influence of a resistant intrusive sheet in the south, 
and numerous dyke structures in the north. 
The entire northern coastline has a markedly varied 
topography attributed to a series of adjacent slides varying 
in scale, and delineated by prominent headscarps (relief up 
to 20 m), which are developed within the mudstone formations. 
Subsequent erosion of dislocated slide blocks has produced 
a hummocky morphology predominantly sloping northward, on 
which the township of Moeraki is established. 
Drainage patterns etched into higher relief on the 
peninsula show some structural control in a southwest-north-
easterly direction. Altered topography along the northern 
coastline has caused irregular drainage networks and surface 
pending. The only significant catchment area influencing 
groundwater lies to the southwest of the township proper. 
1.3.3 Vegetation 
Vegetation covering the peninsula is predominantly 
grassland cultivated for rural use, with patches of exotic 
shrub occurring toward the central region. Pre-European 
vegetation was coastal Broadleaf-Podocarp forest, containing 
broadleaf (Griselina littoralis), totara (Podocarpus totara), kowhai 
'\ 
(Sophora microphylla), kawa ka Libocedrus bidwillie), rimu (Dacrydium 
cupressinum), and silver beech (Nothofagus menziesii) (Mr B. 
Loc~erbie, pers. comm.) • 
Isolated remnants of native bush occur within the town-
ship, together with clusters of exotic trees (mainly conifers). 
1.3.4 Climate 
The nearest New Zealand.Meteorological Station to the 
peninsula is located at Trotters Creek (Lat. 45°23' South, 
Long. 170°49' East) approximately 3 km inland and south-west 
of the study area. 
5 
Records from 1908 to 1980 show a mean annual rainfall 
for the area of 623 mm (NZ Meteorological Office, Wellington). 
August and September on average are the driest months, 
with November and December the wettest, but there is little 
seasonal variation. A Moeraki station established closer 
to the township area (Lat. 45°22' South, Long. 170°50' East) 
was operative from 1895 to 1942, and has records showing the 
peninsula as consistently drier than Trotters Creek with mean 
annual rainfall roughly 100 mm . lower. Averaged data from this 
station confirms August is generally the driest month with 
December and January the wettest. 
Rainfall is typically of low concentration but of pro-
longed duration rather than short storms of high intensity. 
Compared to further inland, the peninsula area has fewer 
sunshine hours (1600-1800) each year, due to increased cloud 
cover and less rainy days. Incident radiation is also low, 
being between 300-320 cals. cm 2/day. The prevailing wind for 
most of the year is north-easterly with south-westerlies 
associated with the majority of rain. During winter months 
(June, July, August) occasional frosts occur in shaded areas 
freezing ground to depths of 8-10 em. The climate is broadly 
classified as subhumid and mesothermal. Daily rainfall and 
temperature readings for the study area were recorded by 
Mr and Mrs Kedsley (Pembroke Street) (refer Appendix 2) • 
1.3.5 Land Use 
In the main, the peninsula is'extensively farmed, with 
the only significantly populated areas being Moeraki township 
along the northern coastline and small isolated holiday 
settlements situated beside the east coast. Moeraki township 
is bounded within two tarsealed roadways; Haven Street 
essentially following the peninsula's northern shoreline and 
Tenby Street extending roughly parallel to this along higher 
ground, the intersection of the two defining the township's 
western margin. The township areas District Scheme is com-
prised of three land-use zones; residential, rural B and 
industrial (Fig~ 1.2). 
1.4 HISTORY OF INSTABILITY 
6 
The district was first settled by Europeans at Onekakara 
Bay on 26th December 1836. In 1858 Moeraki township was laid 
out by the Provincial Government and in 1863 a survey plan was 
produced (McDonald, 1940). It was reported "heavy traffic 
and constant slips made upkeep of the road very expensive" 
and in May 1875 it was described as "nearly impassable". 
By February 1977, a rail link connecting Moeraki fish-
ing depot to the main trunk line was established; the track 
followed the coast, crossing to Tawitiatauka Point by a 
curving viaduct and continued to a station located near the 
jetty (Moeraki Centenary Souvenir, 1936). In 1878 piles 
supporting the viaduct had moved seaward 1.2 m. Subsequent 
remedial measures were finally abandoned and the line taken 
up in October 1879 (McDonald 1940). Erosion problems continued 
in this area as Benson (l946b) notes: 
"although in a very sheltered spot wave 
action cuts back the low mudstone cliff at the 
rate of a few feet per year and the present 
shoreline is not only a hundred yards inland 
of its position in 1860, but, is nearly fifty 
yards inland of the former position of the 
railway embankment." 
Maintenance of the main road proved difficult, until 
in 1880 it was described as resembling "stairs" in places and 
was threatened with closure. 
Stability problems have intensified to the present 
day with increasing urban growth. The main road, Haven Street, 
is subject to severe, sudden subsidence following rainfall, which 
on occasions creates a traffic hazard and some housing areas are 
threatened or have been damaged by shallow slope failures. 
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1.5 PREVIOUS RESEARCH 
Mantell (1850) in his paper on the geology of North 
Otago, was the first to describe the Hampden "clays" as the 
Onekakara "beds". 
"At Onekakara a green, gritty marl crops 
out beneath the blue clay; layers of iron 
pyrites occur at intervals in it. The water 
that flows through this bed is highly charged 
with salts and of extremely disagreeable 
flavour." 
Hector (1862) produced a geological report, which was 
followed by a fuller classification of geological formations 
in 1866 (Hector). 
Traill (1869) described fossils from Hampden and con-
cluded the clays could not be younger than Miocene. 
Haast (1873) having reported on the Shag Point coal 
fields, produced a geological map and in collaboration with 
Hutton (1875), concluded the Moeraki Boulder Beds, Hampden 
Clays and Waiarekan Tuffs were Upper Miocene. 
Hector (1877} published a classification of New 
Zealand geological formations which differed considerably by 
placing all formations from Shag Point to the Kakanui River 
in the Cretaceo-Tertiary group. 
8 
Cox (1883) in a brief report on Shag Valley first 
'defined the fault, which formed the valley, that is now known 
as part of the Waihemo Fault Complex. 
McKay (1887) produced two reports on North-east Otago 
confirming a fault but showing conclusively the major structure 
lay to, the south-west side of the Blue-Mountains rather than 
the north-east side as shown by Cox (1883). McKay's, 
Onekakara clays (the upper part of which is now correlated 
wit~ the Hampden Formation, the lower the Kurinui Formation) 
differs from Mantell's (1850) Onekakara 11 beds" which are 
equivalent to the Moeraki Formation (Brown, 1959) (refer Appen-
dix 1, NZ Geological Time Scale). 
9 
In the early 1900s the age of the Hampden beds was 
placed by various workers betw~en Eocene and Miocene and not 
finally confirmed until Finlay and Marwick's (1940) foramini-
fera work accurately determined them as Eocene. 
Benson (1940, 1941, 1942, 1943, 1944, 1945, l946a, 
1946b) analysed in detail the igneous rocks and tectonic 
environment of eastern Otago; his 1943 paper describes Moeraki 
Peninsula geology in detail and the 1946b publication briefly 
highlights the extent of instability affecting the township 
area. 
Coombs and Dickey (1965) briefly review the volcanic 
rocks exposed on the peninsula. 
Paterson (1980) prepared a concise unpublished report 
for the Waitaki County Council, highlighting the extent of 
mass movement influencing housing and/or roading. Following 
this Tonkin and Taylor (1982) adopted a "broad brush" 
approach to stability assessment and produced a land hazard 
map (scale 1:5000) in association with a land-use management 
plan for the Moeraki township. 
CHAPTER TWO 
GEOLOGY 
2.1 INTRODUCTION 
Chapter two attempts a concise geological outline 
depicted in four parts. The first is a summary of regional 
geology in conjunction with a generalised description of 
geological history. Parts two and three deal specifically 
with the Moeraki Peninsula; the second describing strati-
graphy with particular reference to those formations out-
cropping within the field area, and the third outlines 
structure. The final part, is a synthesis of Quaternary 
geology providing background information pertinent to deep-
seated instability developed along Moeraki Peninsula's 
northern coastline. 
2.2 REGIONAL GEOLOGY 
10 
Regionally, two structural blocks are recognized, 
separated by the northwest-southeast trending Waihemo Fault 
Complex. A block to the northeast, stretching from the 
Kakanui River to Shag Point with its western edge forming the 
Kakanui Range, and a second block to the southwest extending 
south of Shag Point and inland to the east {Fig. 2.1). 
Basement of the northeastern block is mica schist, 
.(;/// 
which regionally dips northeast, and was erodii1g during the 
Cretaceous to a peneplain. 
Towards the coast, the block is covered with remnants 
of Late Cretaceous and Tertiary sediments (mudstones, silt-
stones, sandstones and limestones) which include igneous rocks 
associated with volcanic activity during the Eocene and 
Oligocene. The sequence is covered by a variable mantle of 
Quaternary deposits (outwash fans and terrace gravels). 
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The southwestern block is lithologically similar to, 
and correlates with sediments of the northeastern block up 
until the Tertiary, but the Cretaceous peneplain is less 
uniform in dip due to a series of northeast-southwest striking 
faults. 
The two structural units probably originated during 
the Cretaceous when faulting along the line of the present 
Shag Valley formed a downthrown block to the northeast. 
Erosion of the uplifted southwestern area then exposed under-
lying mica schists with streams draining the region depositin~ 
thick sequences of conglomerate over the lower northeastern 
terrain (Shag Point Group). Quartz sandstones and finer 
grained conglomerates (Herbert Formation) were laid down in 
the east. Subsequent depression of the uplifted block resulted 
in deposition of a transgressive sequence (Katiki, Otepopo 
and Moeraki Formations) across the northwest-southeast 
trending fault complex~ Two distinct paleogeographical pro-
vinces emerged with sediments of both regions yielding sep-
arate formations throughout the Tertiary; the succession of 
the northeastern block relatively continuous while the south-
western block showing a complete break during the Whaingaroan, 
and resuming again from the Duntroonian, (possibly associated 
with igneous activity to the northeast, Brown, unpublished 
bulletin) • Erosion during the Miocene developed a peneplain 
onto which Pliocene volcanics were extruded (mainly in the 
southwest). Reverse faulting along the Waihemo complex 
followed, elevating the western se.ction of the northeastern 
block to form the Kakanui Range. 
Mutch (1963) notes Late Quaternary transcurrent fault 
\ 
movement occurs along the Wharekuri Fault about 70 km north-
west of Moeraki Peninsula. Wellman (1979) estimates an ann-
ual uplift rate of 0.1 mm along the coastal region,increasing inland 
to 0.2 mm/year although substantial margins of error (up to 
50%) may be associated with these figures. 
A geological history synthesis is shown in Fig. 2.2. 
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2.3 STRATIGRAPHY 
Dark grey-black glauconitic mudstones and siltstones 
of the Moeraki Formation containing septarian concretions 
are exposed along Hampden Beach to the north, and are infer-
red to extend southward underneath the sequence exposed on 
Moeraki Peninsula. 
Conformably resting ontheseare dark-grey mudstones 
of the Kurinui Formation. 
KURINUI FORMATION (Benson, 1943) 
Age: Heretaungan (Brown, 1959) 
Distribution: Exposed along the shorewave platform in the 
north-west and south-west corners of the 
peninsula (Fig. 2.3). 
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Content: Dark blue-grey, homogeneous, jointed, indurated 
gluconitic silty-mudstone containing occasional 
greensand bands. 
No actual contact between the Kurinui and under-
lying Moeraki Formation is exposed. 
Type Locality:Coastal section between Big Kuri Stream and 
Park Gulch, north of Hampden. 
Further to the east, along the peninsula's northern 
coastline, the overlying uniform blue-grey mudstones of 
the Hampden Formation are exposed. 
HAMPDEN FORMATION (McKay, 1877) 
The Formation, although not defined by McKay is evidently 
the upper part of his "Onekakara Beds''; the lower part corre-
lated to the Kurinui Formation. 
WAIAREKA 
FORMATION 
scale [ approx] 
0 20m 
KURINUI 
FORMATION 
FORMAfiON 
-- ----~ - -- -- - ._.,.._--
Fig.2.3: Sequence exposed along northwestern shor e platform 
of the Moeraki Peninsula; note backtilted folded 
greensand bands within Kurinui Formation. Viewing 
southwest from 6700E,0450N. 
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Age: Regarded as the temporary Standard Sequence 
for the Bartonian Stage (Finlay and Marwick, 
1940). 
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Distribution: Exposed along the northern coastline east of 
the Kurinui Formation, again on the east coast 
and in some prominent mass movement headscarps 
to the south. It is inferred to continue from 
the northern coast through to the southern 
coast, bisecting the peninsula (Fig. 2.4). 
Content: Dark blueish-grey, homogeneous, jointed, indur-. 
ated, silty-mudstone containing some gluconitic 
and smaller calcareous and pyritic concretions. 
Type Locality:Coastal cliffs north from Park Gulch to 500 m 
north-north-east of Kakaho Creek, North Otago. 
Exposed to the east and west of the Kurinui and 
Hampden mudstone formation are igneous rocks of the Waiareka 
Volcanics. 
WAIAREKA VOLCANIC FORMATION (Hector, 1884) 
Age: Arnold. 
Finlay and Marwick (1940) place the tuffs in 
the Kaiatan Stage but at least part is younger, 
extending into the Runangan (Brown, unpublished 
bulletin) • Precise ages of mafic dykes and sill 
intrusions associated with these sediments is 
in doubt (Coombs and Dickey, 1965). 
Distribution: Waiareka Volcanics are exposed along the north-
west and eastern coasts with occasional outcrops 
either side of the mudstone formations bisecting 
the peninsula (Fig. 2.4). 
Content: Reddish-brown, massive or stratified, poorly 
indurated, calcareous coarse basaltic tuff 
containing decomposed basalt and trachylite 
fragments. The tuffs are unconformable with 
the underlying Formations (Gage, 1957). 
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E 
Type Locality:Hillside immediately west of Lorne, Oamaru 
{Marwick, 1926) . 
18 
Mafic intrusions associated with the Waiareka Volcanics 
occur as dyke swarms or large sill like sheets, both character-
ised by porcellanization if intruded into the mudstone units. 
The petrographic similarity and field association with 
Waiareka tuffs is evidence for a Waiareka correlation, how-
ever since their precise age is in doubt (Coombs and Dickey, 1965) the 
intrusives are described separately. 
Intrusives can be divided into three groups; dykes, 
the Tawhiroko Sheet and the more extensive Moeraki Dolerite 
Sheet (Fig. 2.4). 
Dykes, usually less than 10 m in width, occur singly, 
in pairs or as a series of overlapping structures, possibly 
originating from a single fracture in the basement rock 
(Benson, 1943). Those of significance outcropping along the 
northern coastline are: 
l) A large dyke exposed by quarry excavations at 
Moeraki Point {7800E,0600N) comprised of medium 
grained, non vesicular olivine dolerite. About 
15.5 m thick, it dips east at 35° and has clearly 
porcellanized the adjacent Hampden mudstone. 
2) A dyke exposed on the beach to the west of 
Tawitiatauka Point (6400E,0550N) dipping at 30° 
south-south-east and consisting of coarse grained 
olivine dolerite which Benson (1943) considers may 
have been a feeder to the intrusive Main Moeraki 
Sheet. 
A small, well exposed, sill like intrusion, dipping 
gently eastward and estimated to have been about 47 m thick, 
outcrops at Tawhiroko Point (Tawhiroko Point Sheet). Its high 
apalite content and advanced mineral differentiation suggests 
it was intruded separately and independent of an adjacent Main 
Moeraki Sheet exposed to the west. Benson (1943} notes it is 
possibly genetically affiliated with that dyke striking south-
southeast through Tikoraki Point (refer Fig. 2.4). 
The Main Moeraki Sheet includes intrusive mafic rocks 
in the west of Moeraki township extending from the coast to 
Trig E, together with those outcropping at Tawitiatauka 
Pointi remnants of the same sheet occur along the cliffed 
coastline from Matiaha Head southward plus two patches 1 km 
east of Trig E (Fig. 2.4). 
The differential Moeraki Sheet is about 60 m thick 
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and composed of micrographic quartz dolerite at the top (Trig 
E and two adjacent hills} and massive olivine dolerite at its 
base (exposed at Tawitiatauka Point and along the northwest 
coast of the peninsula) (Benson, 1943) . Western margins of 
the intrusion are either in contact with or adjacent to the 
Kurinui Formation and invade the Hampden Formation at 
Tawitiatauka Point. To the southeast of the peninsula, the 
sheet intrudes Hampden mudstone and Waiareka Volcanics. 
2.4 STRUCTURE 
The Kurinui and Hampden Formations, dipping approx-
imately 10° east-north-east, outcrop and extend from the north-
ern to southern coastline bisecting the peninsula (Fig.2.4}. 
Flanking the mudstone units in the east and west is the 
Waiareka Formation. Bedding within the volcanics is well 
exposed in some coastal areas, however the overall structure 
is masked by shallow mass movement. 
Exposed in the north and southeast of the peninsula 
are the two intrusive sheets; Benson (1943) infers the sheets 
characteristic bulbous margins as a reflection of the over~ 
lying muds 'plasticity' at the time of intrusion. 
In the northwest, the Kurinui Formation is uplifted 
laterally adjacent to Hampden mudstone by a northeast-south-
west trending normal fault. 
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Greensand banding within the Kurinui mudstones outcrops 
along the northwestern shore p~atform; banding is folded and 
dips 30° to 60° south, contrary to estimated regional dip 
(Fig. 2.3). Structure is accounted for by "rotational deform-
ation11 associated with deep-seated instability which encompasses 
the entire northwestern section of the peninsula. Based on 
this information plus geomorphological evidence, geology 
exposed along the shore platform from Tawitiatauka Point 
westward is not in-situ but modified by extensive deep-seated 
"gravity movement" delineated in Fig. 2.4. 
2.5 QUATERNARY SYNTHESIS 
Regional uplift during Miocene times resulted in 
extensive degradation, stripping cover from elevated portions 
of a Cretaceous erosion surface and causing peneplanation of 
relatively soft Tertiary sediments. This regional setting of 
subdued relief was subsequently modified by glacio-eustatic 
related effects and tectonism during the Quaternary. 
Evidence of penultimate and earlier Pleistocene glac 
ations {outwash fans, terrace gravels) outcrops inland of 
Moeraki Peninsula to the north, west and south. Absence of 
glacial remnants on the peninsula itself may reflect partial 
marine submergence or 
during this time. 
existence as a topographical 'high' 
Sediments representing a marine beach were identified, 
3 m above present sea level along the eastern coast of 
Moeraki Peninsula and beside Katiki Beach further to the south. 
Older, 15 m, elevated bench horizons, can be discerned at Shag 
Point and along Hampden Beach. These raised bench sands 
provide evidence for a Hawera coastline prior to Final Glaci-
ation comprised of embayments developed in soft Tertiary rock 
separating prominent headlands protected by more competent 
materials {Moeraki Point, Shag Point). 
Remnants of the final Hawera Glaciation occur along 
Katiki Beach and Hampden Beach but are not present on Moeraki 
Peninsula. 
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Deep-seated, large scale, slope movement extensively 
altered subdued topography alo~g Moeraki Peninsula's northern 
coastline during the Quaternary. Triggering of instability is 
attributed to fluctuating climatic and base level controls in 
conjunction with seismotectonic effects (associated with up-
lift) • 
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CHAPTER THREE 
GEOMORPHOLOGY 
3.1 INTRODUCTION 
This chapter comprises a geomorphological rather 
than geotechnical appraisal of instability affecting the 
northern coastline of Moeraki Peninsula. Mass movement is 
evaluated in seven principal sections. The first, landform 
association, provides a generalised overview of slope failure; 
the second explains classification used in depicting instab-
ility and the third outlines mapping approach plus description 
of mapping units. Parts four, five and six describe specific 
slides with their inter-relationships synthesised in a final 
section on geomorphological evolution. 
3.2 LANDFORM ASSOCIATION 
Present day morphology of Moeraki Peninsula has princ-
ipally evolved by erosion of the soft mudstone units which 
extend from its northern to southern coastlines. Degradation 
of these incompetent sediments has yielded local topographical 
highs in the northwest and east of the peninsula where resis-
tant ~vaiareka Volcanics are exposed; the highest relief occur-
ring in the northwest (Trig E) and foremost ascribed to tec-
tonic uplift (faulting) •. Elsewhere topography is low and 
hummocked. 
Peninsula drainage is not dominated by any single catch-
ment or river, and is generally via shallow, meandering, 
unbraided streams. Surface runoff from areas of higher relief 
shows some structural control in a southwest-northeasterly 
direction. 
The peninsula's southern coastline forms a smooth arc 
to the southwest; cut into Hampden mudstone it has a gentle 
subdued topography. A cliffed eastern coastline, trends 
roughly north-south and is essentially linear being comprised 
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of competent volcanics which hinder retrogression. In the 
north the peninsula coast consists of three adjacent bays 
eroded into mudstone and separated by resistant mafic intrus-
ives. Morphology neighbouring the entire northern shoreline 
has an acutely varied relief attributable to a sequence of 
deep-seated, slope failures on which the township of Moeraki 
is established. 
Cadastral surveys for the township disclose differences 
which can only be attributed to recent earth movements (1863 
to 1981) pers.comm. R. Petre. Brewster (1981) notes discrep-
ancies in the order of 2 m (Tenby Street, End Street area) 
over a period from 1890 to the present. Petre (1981) comment-
ing on cadastral data (Davids Road area) observed little or 
no difference disclosed from 1863 to 1922 with clear indica-
tion of movement from 1922 to 1975. Petre subsequently 
qualifies this information noting further detailed investi-
gation would be required to ascertain if inconsistencies are 
due to earth movement or survey difference (refer to Appendix 
9 for reports by Washbunton, Park, Brewster and Petre). 
Assuming survey discrepancies are from slope deform-
ation, the problem arises of whether differences indicate 
shallow regolith/colluvial movement or deep-seated deformation. 
Generally surficial displacement is seasonal (movement increas-
ing during winter months) and of smaller magnitude than "con-
stant" deep-seated movement, if considered over a reasonable 
data base (Os of years). 
Slope instability affecting the Moeraki Peninsula's 
northern coastline occurs on a variety of scales and has a 
complex history of episodic reactivation. The township is 
located amidst a series of prominent deep-seated slides 
which in some areas are being degraded by currently "active" 
shallow slope deformation jeopardizing roading and housing. 
Data pertaining to mass movement affecting the township 
has been collated from surface geology and geomorphology map-
ping in conjunction with stereoscopic analyses. Shallow slope 
failure is depicted on detailed (scale 1:1000) engineering 
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geology plans whilst deep-seated instability is delineated on 
a more generalised map (scale ~:5000) and described in terms 
of three principal features: 
1) Moeraki Slide 
2) Davids Road Failure 
3} Eastern Slide Complex. 
3.3 MASS MOVEMENT CLASSIFICATION 
3.3.1 Introduction 
Mass movement classification is an attempt to categorise 
material that has moved downslope, usually according to similar 
morphology or genesis. Its aim is the provision of an adequate 
framework about which we can accumulate common experience for 
use in controlling and avoiding slope failure. All classi-
fication imposes arbitrary boundaries on natural continuurns 
and therefore requires the definition of a consistent term-
inology to avoid ambiguity. 
Sharpe (1938} used rate of movement and water content 
as criteria to describe slope failure. Carson and Kirkby 
(1972) expanded the idea to produce a simple, comprehensive 
classification in terms of three movement processes, slides, 
flows andheaves, which they defined (Fig. 3.1}. Superficially 
thismethodunites different phenomena but in practice not 
enough adequate terminology is provided. 
Varnes (1958) proposed a mass movement description 
based on failure mechanisms which he listed as, slides, flows, 
and falls. The system was modified in (1978) to include 
toppling and lateral spreading along with terminology describ-
ing failure surface, rate of movement and type of material 
(Fig. 3.2}. 
The Varnes (1978) method has been adopted for this study 
due to its emphasis on description rather than catagorization 
of a slope failure. Principal criteria used in classification 
are:· 
1) Mechanism and mode of movement 
2) Type of material involved. 
(a) 
surface 
(b) 
·surface 
bod of flowti' 
{c) 
surface 
base of heave 
Fig. 3.1: Velocity profiles for "ideal" movement types. 
{a) Pure slide. (b) Pure flow. (c) Pure heave 
(Carson and Kirkby, 1972, Fig.S.l). 
TYPE OF MATERIAL 
TYPE OF MOVEMENT 
Bt:OROCK ENGINEERING SOILS 
Predomtnonlly <:oaru J Ptcdammcnlly fin to 
FALLS Roell !all Dfbt~t loll 1 Earfh foil 
TOPPL-ES Roc;k top~lt Ot!)tfl foptll• j Earth !Oppl.t 
lROTATIONAL JFEw Rock stump Otorit tll;mp I farft\ tlvmp 
SLtOES 1 r~N!TS Roell blocll 1hd9 Otbfi1. blcclil slide 1 Earth bfoek llido tRANSl.ATIONAL MANY Rock Shdf Otbtit stidt I EoHh slid• UNITS 
LATERAL SPREADS ~ Ot!ui1 lpttod 1 Eorlh '"""" 
FLOWS Oetm" l!(ht 1 E:ann flow ) {lOti crupl 
COMPLEX Com~nahon ot lwo or mort' ~mnetpol typn Qf movemenl 
Fig.3.2: Abbreviated Varnes classification of slope 
movements (Varnes, 1978, Fig.2.2). 
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Only relevant. terminology is defined, some with slight 
modification to that proposed oy Varnes. 
3.3.2 Material 
Four terms are used in describing material at the 
moment of incipient slope failure. Soft rocks often exhibit 
continuous gradation between soil and bedrock which necessi-
tates minor alteration to terminology adopted by Varnes. 
Bedrock: 
Bedrock refers to in-situ rock "mass" (as opposed to 
rock material) as if a rigid cohesive body of interlocking 
particles welded or cemented together, plus interstial gas 
or liquid which may not be separated by such gentle means 
as agitation in water. 
Engineering Soil: 
Soil or rock "mass" behaving as if loose, unconsolid-
ated or poorly cemented aggregates of solid particles, 
together with interstial gas or liquid, which may be separated 
by such gentle means as agitation in water. Engineering soil 
is further subdivided into Debris and Earth depending on 
"in-situ size characteristics" at the time of failure. 
Debris: 
Material in which 20% to 80% of fragments are greater 
than 2 rnrn and the remainder less than 2 rnrn (Schroder, 1971). 
Earth: 
Connotes material in which 80% or more of fragments are 
smaller than 2 rnrn (Schroder, 1971). 
Example: 
Mudstone regolith with a laboratory grain size analysis 
of 10% sand, 50% silt and 40% clay may exist in-situ at 60% 
intact blocks of mudstone within an ambient matrix of fine 
degraded material hence would be classified as DEBRIS not earth. 
3.3.3 Mechanisms of Movement 
Movement between bodies is relative and therefore 
refers only to the materials in relative motion, ie. a slide 
refers to motion between stable and moving ground however the ) 
term flow refers to the distribution and relative movement of 
particles within a moving mass (Fig. 3.3). 
Slide: 
True slide movement consists of shear strains and 
displacement along one or several surfaces that are visible 
or may reasonably be inferred within a relatively narrow 
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zone (Varnes, 1978}. Bedrock discontinuities (joints, faults, 
bedding) often structurally control failure. 
Flows: 
The term "flow 11 is applied to material indicating a 
similar distribution of velocities to that of a viscous fluid·. 
Bedrock "flow" deformation is commonly along many large or small 
fractures without concentration of displacement along a single 
through-going discontinuity (Varnes, 1978). Movement is gener-
ally slow and constant with time often manifested by folding, 
bending or bulging of the slide mass. 
Shallow-seated "flow" behaviour commonly has slip sur-
faces within the moving mass usually not visible or short 
lived, with the boundary between moving mass and material in 
place, a sharp surface of differential movement or a diffuse 
zone of shear (Varnes, 1978). 
Creep is recognized as a variety of flow behaviour 
which requires further distinction. It commonly results in 
imperceptible permanent downslope movement unconfined by 
lateral shear boundaries and as defined by Varnes (1978) is 
"deformation under constant stress." 
Toppling: 
Forward rotation of material about some pivot point 
below, under the action of gravity and forces exerted by 
adjacent material or fluid. Tilting without collapse (Varnes, 
1978). 
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3.3.4 Mode of Failure 
The mode prefix refers to geometry or mani station of 
the failure mass; a description which is important to stabil-
ity analysis and remedial design. 
Rotational: 
Movement essentially rotational about an axis parallel 
to that slope. The surface of rupture is often spoon shaped 
and movement in the head region mostly vertical with tension 
cracks concentric in plan and concave toward the direction of 
movement (Varnes, 1978). 
A degree of rotation occurs within the bulk of slope 
failures and the term is only applied if the majority of the 
failure surface is curved. 
Rotational movement decreases the driving moment and 
restores equilibrium to the failed material. 
Translational: 
Movement essentially out, or down and out, along a more 
or ss planar or gently undulatory surface with little rota-
tional movement (Varnes, 1978). 
Failures are commonly structually controlled by surfaces 
of weakness and the slide mass broken into sequences of inde-
pendently tilted units. 
The prefix is only applied if material has undergone 
considerable lateral displacement. 
Translational movement does not restore equilibrium 
within the failure mass; movement will continue if the basal 
shear surface is sufficiently inclined and as long as shear 
resistance along this surface remains lower than the more or 
less constant driving force (Varnes, 1978). 
Complex: 
Slope failures which involve more than one mode of 
movement either within various parts of the moving mass or 
at different stages in their development (Varnes, 1978). 
(a) Translational block slide (b) Rotational block slide 
(c) Toppling failure 
(d) Debris flow (e) Debris slide 
pig.3.3: Principal slope failure mechanisms and modes as illustrated 
by Varnes (1978, Fig.2.1). 
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Slide disruption is described by the terms block for 
material comprising few moving. coherent units and brok~ for 
rock fractured into numerous aggregates insignificant in 
relation to size of the slope failure. Multiple refers to 
two or more slides each with a curved slip surface tangential 
to a common generally deep-seated slip sole (Varnes, 1978). 
3.3.5 Terrain Activity 
Subjective assessment of terrain "activity" is given 
where appropriate, to distinguish currently active and inactive 
slope deformation plus indentify areas prone to further slope fa'i 
ure ( . dormant) • 
Slopes are classified as "inactive" if there is no 
evidence of displacement within the last cycle of seasons. 
They may be "dormant" in which case the causes of failure 
remain and movement may be renewed or they may be "stabilized" 
in which case factors essential to movement have been removed 
naturally or by human activity (Varnes, 1978}. 
"Active" slopes are those currently moving or those 
which have moved during the last cycle of seasons and may be 
qualified by terms relating to direction and rate of failure. 
Direction of movement is described as£ 
1) advancing - downslope movement 
2) retrogressive - retreating movement 
3) extending - simultaneous advancing and retreating 
movement. 
When possible overall rates of displacement are esti-
mated and described (Fig. 3.4). 
3.3.6 Classification 
Classification lists inferred mass movement processes 
to the fullest extent possible in the order of Activity, Mode, 
Material, Mechanism and refers to the most recent moment of 
incipient failure, if material fails via one method, stab-
ilikes and subsequently reactivates via another method, it 
is classified according to the most "recently active" processes 
since these are the most relevant when considering ensuing 
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reactivation or remedial options. 
Slope failure often cannot be attributed to a single 
mechanism and so requires double classification in which case 
the dominant mechanism is listed last. 
Example: A "slowly extending, translational, debris, flow-
slide" would be an active slope failure advancing 
and retrogressing less than 1.5 m/yr that origin-
ated in unconsolidated material where 20-80% of 
fragments were greater than 2 mm and failed 
predominantly as a slide exhibiting some flow 
behaviour with significant lateral displacement. 
Approximate ran~es of rates of movement 
are according to tha scale below 
ft/Jee 
10, extrernoly rapid 
10 - 10111•-3 mf• 
vary rapid 
10., - t ft/min-0.3 m/min 
10
·• f--- 5!1id-1.5m/d 
10·' moderllte 
10., f--: 51tlvr-1.5m/vr 
1 o·• ' ~&ry &loW-
f--- 1 lt/Syr-006 m/V< 
extremely slew 
Fig.3.4: Rate of movement scale. 
(Varnes, 1978, Fig.2.1} 
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3.4 ENGINEERING GEOLOGICAL MAPPING 
3.4.1 Approach 
Engineering geological mapping was conducted on a scale 
sufficient to depict detail of any mass movement affecting 
housing and/or reading (scale 1:1000). Shallow slope failures 
causing damage are developed within a series of coherent bed-
rock "blocks 11 , dislocated by deep-seated slope movement. To 
avoid confusion between the extent of deep-seated failure 
and shallow instability, the two mass movement phenomena are 
outlined on separate maps; deep-seated instability at a scale 
of 1:5000 (Fig. 3.5) and shallow slope failure at a scale of 
1:1000 (refer map enclosure, engineering geology maps). 
Objectives of mapping include: 
1) The delineation of "active" and "stabilized" slope 
movement in relation to housing and reading. 
2) The provision of a basis for mass movement sus-
ceptibility plans. 
Since no suitable topographical plots are available a 
geomorphological approach to mapping was adopted which also 
facilitated the correlation of features mapped to those in 
the f ld. Base plans were compiled directly from aerial 
photography. Detailed engineering geological base maps were 
prepared from: 
Aerial Surveys Ltd 
Ref No 664/16, 17, 18, 19, 20, scale 1:1000, flown in 
1978. Distortion was minimised by the considerable 
overlapping within the photographic sequence. 
The smaller scale map depicting deeper-seated slope 
failure was compiled from: 
NZ Aerial Mapping 
Ref No 1355/27, 28 scale 1:5000, flown in 1947. 
The map portrays morphology prior to extensive 
regrading carrie9 out to enable residential 
1" 
development
1
hencep·lighlights the extent of some 
debris flow-slide features not present on the 
larger scale engineering geology plans. 
MQERAKJ TOWNSHIP 
Fig. 3.5: Geomorphological map delineating 
deep-seated instability.· 
N 
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Description of mass movement was aimed at providing 
sufficient information on activity mechanism and mode of fail-
. ) ) 
ure to enable design of tentative remedial measures should 
housing or roading be threatened. Drainage paths or areas of 
ponding feeding individual slopes are easily identified from 
changes in relief drawn on the maps. Culverts, along with 
flow direction, size and construction methods are plotted; 
ineffectual ones, periodically blocked by siltation are 
denoted "S". 
3.4.2 Bedrock Units 
Four lithological units are identified within the field 
area (refer Appendix 7, McLean 1976, description methodology). 
l. A very soft, moderately strong, blue-grey GLAUCONITIC 
SILTY MUDSTONE with very wide, slightly rough defects 
and occasional folded greensand banding; Kurinui 
Formation. 
2. A very soft, moderately strong, blueish-grey SILTY 
MUDSTONE with moderate to widely spaced, slightly 
rough defects and no obvious structure; Hampden 
Formation. 
3. A very soft, very weak, reddish-brown COARSE BASALTIC 
TUFF, massive or stratified; Waiareka Formation. 
4. A hard, very strong, black BASALT and DOLERITE with 
widely and closely spaced smooth defects; Waiareka 
Formation. 
The two mudstone formations (Kurinui, Hampden) are 
lithologically similar and field evidence suggests equivalent 
in susceptibility to mass movement, therefore for engineering 
geological mapping purposes, both are grouped together forming 
one unit. 
The two extreme engineering rock types within the 
Waiareka Formation are also considered as one mapping unit 
since ~oth appear stable with regard to shallow slope failure; 
the tuff attributed to its coarse texture yielding a high 
permeability and the basalt or dolerite due to its in-situ 
hardness and strength. 
3.4.3 Surficial Deposits 
The extent of surficial deposits was not mapped for 
the following reasons: 
1. The complex history of slope failure combined with mans' 
influence on original topography would make the distinction 
between in-situ regolith and colluvial deposits 
an excessively difficult task. 
2. The mapping of surficial deposits (colluvium, regolith) 
would not provide much additional insight into the 
susceptibility of areas to shallow slope failure, since 
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a) the geotechnical properties of colluvium and weathered 
regolith are similar, and 
b) the aerial extent of surficial deposits derived from one rock 
type is largely confined to the area of that lithology 
ie. do not get mudstone colluvium resting on the 
Waiareka Formation. 
An engineering geological description of a typical 
surficial deposit associated with the mudstone l£thologies is 
as follows (refer to McLean 1976 for description methodology). 
Light, reddish-brown, homogeneous (moderately weather-
ed, CLAYEY SILT with rare SAND; CH) 
- (soft; moist:) unbedded; silty, subangular 
to subrounded quartz; clay; highly plastic. 
Interspersed paleosols are common, consisting of •.• 
Dark brownish black, homogeneous, CLAYEY, SILT with 
rare SAND; OH 
(very soft; wet;) partly to highly organic; 
silty, subangular to subrounded quartz; clay; 
highly plastic. 
Surficial deposits associated with the Waiareka Form-
ation are, in the main, derived from weathered basalt and 
dolerite and comprise ..• 
Light brownish-red, non bedded, (moderately 
weathered), SILTY, fine to coarse SAND, with some 
clay;. CL 
- loose; (dry;) uniformly graded; sand, angular 
to subangular, feldspar and iron oxides, silt, 
subangular to subrounded feldspar and iron 
oxides; clay; mode~ately plastic. 
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Note: Properties such as weathering, moisture content and 
strength vary considerably 1 are site specific and so are 
bracketed in the descriptions above. 
3.4.4 Geomorphic Symbols 
Mass movement superimposed on a number of scales 
necessitates a hierachy of geomorphic symbols for mapping 
purposes. 
- degraded 
escarpment 
- escarpment sharply 
defined, often mani-
fested by shallow, 
more recent slope 
failure 
degraded 
escarpment 
,,,,,-_ 
, • ' '' t t 
'\. L : ,~,.• L,~.;.t.l.J \.. • \..J-'- - sharply defined escarpment 
symbols 
delineating 
deep-seated 
mass movement 
symbols 
depicting 
shallow 
instability 
The blocks associated with each deep-seated failure 
are outlined in heavy ink on the detailed engineering geolog-
ical maps enhancing correlation to the smaller scale 1:5000 
plan (refer map enclosure for engineering geology maps scale 
1:1000 and Fig. 3.5, scale 1:5000). 
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3.5 MOERAKI SLIDE 
3.5.1 Introduction 
The Moeraki Slide is a large scale, partially obscured 
feature encompassing the northwestern margin of .the peninsula. 
The slope failure extends southwest about l km from the north-
ern coastline rising to 120 m above sea level, covering an 
rl\'" . ,-(.,·<·[,· 
area of 6.5 x lOq square metres. Its failure mass fects 
topography over the entire western half of Moeraki township 
(west of Davids Road} (Fig. 3.6}. 
Bedrock geology in the immediate vicinity comprises the 
Kurinui, Hampden plus Waiareka Formations, the structure of 
which has been confused by slope deformation. Waiareka Vol-
canics are well exposed covering the bulk of the failure mass. 
The underlying Hampden mudstones do not outcrop within the 
slide body or along the northwestern shore platform and their 
presence is assumed .masked by mass displacement (inferred, 
partially rotational along the coast, Fig. 3.6}. Beneath this 
unit lies the Kurinui Formation, prominently exposed along the 
shore platform and visibly deformed (principally by mass move-
ment) • To the east, the slide mass is cut by a distinct north-
east-southwesterly trending normal fault downthrowing the 
Kurinui Formation so it lies laterally adjacent to the Hampden 
mudstones. 
3.5.2 Morphology 
Extensive alteration of topography to ilitate resi-
dential development has partially removed "original" slide 
morphology. In addition, rel f in some areas is veiled in 
dense vegetation. 
An asymmetrical "principal escarpment 11 varying in height 
(up to 25 m} can be discerned approximately 1 km south of the 
northern coastline; it is degraded and thus difficult to ascer-
tain in parts (Fig. 3.7 and 3.8). Further to the north a 
distinctive semi-circular "secondary escarpment" is developed 
within competent Waiareka Volcanics; altering in height {up to 
20 rit) the central region is manifested by more recent shallow mass 
movement yielding a talus apron of volcanic debris. Adjacent to the 
talus colluvium deep-seated slope failure has developed a zone of 
I 
SLIDE 
M ORP·HOLOGY 
SCALE [approx 1:5000] 
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Fig.3.6: Hypothetical Schematic 
diag~am of the Moeraki Slide. 
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38 
Fig.3.7: Principal escarpments of the Moeraki Slide; the 
degraded primary scarp delineating the first phase 
of instability and the secondary scarp, subsequent 
slope failure within the original slide mass. 
Note highlighting of the secondary escarpment by 
more recent shallow mass movement amassing talus 
colluvium. Looking southwest from 7350E,Ol00N . 
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deflation, narrowing to the west. Neighbouring this depression 
and extending northward to the.coast lies the majority of 
failed material. To the east slide mass topography has been 
obliterated by subsequent shallower mass movement. In the 
west the slide body, bulk, comprises a rectangular region of 
high undulatory relief bounded by distinct escarpments. The 
remaining failure mass is sheared into a series of tilted 
"blocks" facing northeast and northwest producing a hummocked 
relief down to the peninsula's northern coastline. 
Permeable Waiareka Volcanics absorb excess rainfall 
preventing runoff ponding despite the varied relief, conse-
quently the area is well drained. 
3.5.3 Failure Mechanism and Mode 
No subsurface data on the landslide has been obtained 
by either direct (drillhole core or excavations} or indirect 
means (seismic refraction •.. } hence all comments regarding 
subsurface geometry of the slide mass and movement mechanisms 
are only inferred. 
Mechanism 
Two principal mechanisms of movement are identified. 
1} Sliding: via defined bedrock discontinuities 
(jointing, bedding) and propagating rupture 
(shear) zones. 
2) Flow: deep-seated gravitational "creep" movement 
amidst broad zones; via numerous large or small 
fractures without significant concentration of 
displacement along a single discontinuity. 
The slide is clearly deep-seated with its basal shear 
surface extending unexposed beyond the peninsula's northern 
coastline (Fig. 3.6). The principal failure plane is most 
probably developed within the Kurinui Formation and need not 
be structurally controlled but could merely propagate through 
the comparatively incompetent and fractured mudstone unit. 
Howe'ver bedding and/or greensand banding within the sequence, 
being zones associated with permeability changes (hence 
variation in pore pressure and strength) could influence 
movement. 
Mode 
Slide geometry is that of a complex multiple block 
failure with predominantly translational displacement in the 
head region developing a rotational element toward the toe. 
Two major phases of instability are recognized: 
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1) The first, delineated by a "principal escarpment", 
involved translational movement to the northeast 
reorientating geologic structure (faulting, bedding, 
jointing) within the failure mass more to the north. 
2) The second episode depicted by a "secondary escarp-
ment" initiated amidst the "original" failure mass. 
Movement appears translational with a rotational 
element to the northwest generating a deflated 
zone (graben structure) situated in the slides 
head region which narrows to the west (Fig. 3.6). 
Initial movement most likely sheared the slide body 
into numerous coherent "blocks", reducing rock mass strength 
and increasing permeability, thus facilitating the subsequent 
secondary slope failure. 
Secondary movement may be coincident with bedding or 
rock mass defects reorientated by the first episode of instab-
ility. Following these two major periods of slope failure 
the slide mass has probably undergone several episodes of 
minor isolated movement to evolve present day topography. 
However, it must be emphasised the degradation and 
cryptic nature of some terrain comprising the slide means 
failure mode and mechanisms postulated are only tentative. 
Suggested Failure Model 
The following failure model is suggested for the 
Moeraki Slide. 
1) Precursor gravitational "creep" movement amidst 
the Kurinui Formatio~ causing flexural toe 
bulging and subsidence further upslope; possibly 
induced by horizontal stress relaxation (fluc-
tuating base levels, coastal erosion, localised 
instability) and associated with regional up-
lift {seismo tectonic effects). Creep movement 
would be facilitated by inherent mudstone prop-
erties (latent strain release) plus the "load" 
effect of brittle, Waiareka Volcanics on under-
lying less competent sediments. 
2) Continued creep movement via a propagating trans-
lational rupture zone {possibly structurally 
controlled) culminating in the first episode of 
slope failure. 
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3) A second major phase of predominently translational 
movement further shearing the slide mass into a 
sequence of coherent "blocks" individually bound 
by caps of resistant Waiareka Volcanics. 
4) Subsequent, minor and isolated, reactivation of 
the slides toe region. Segregated failures exped-
ited amidst heavily fractured and/or weathered 
mudstone, rotating ju~taposed slide "blocks" to 
form the present day hummocky topography. 
3.5.4 Stability 
Current slide "acti~lty" is difficult to ascertain 
solely from data collated. 
Individual blocks comprising the failure mass are 
assumed "inactive" with regard to sudden, massive slide failure. 
Cadestral data suggests some areas are subject to significant 
"creep" displacement; the delineation and verifi6ation of which 
would require detailed investigation of Moeraki cadestral 
survey information. Likelihood of rapid reactivation of the 
Moeraki Slide (in part or as a whole) in response to present 
coastal erosion or adverse climatic fluctuation is thought 
minimal considering depth to basal shear zone plus protection 
furnished by the Waiareka Formation (absorbing surface runoff 
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and minimising local coastal retrogression}. 
Active subordinate slope failure is mainly confined to 
two areas: 
1) A debris flow-slide laterally controlled by a 
fault boundary which erodes Moeraki Slide morph-
ology in the east. 
2) Surficial mass movement causing gradual retro-
gression of the principal "secondary escarpment". 
The present absence of major active shallow instability 
is attributed in part to the permeable blanket of Waiareka 
Volcanics absorbing surface runoff thus minimising infiltra-
tion into the underlying incompetent mudstone formations. 
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3.6 DAVIDS ROAD SLIDE 
3.6.1 Introduction 
The Davids Road Slide is a smaller scale feature, 
located east of and adjacent to the Moeraki Slide, affecting 
topography in the central region of the township (Fig. 3.9). 
The slope failure stretches 250 m southwest from the northern 
coastline, rising to an elevation of 50 m above sea level and 
covers an area of 3.5 x 10 4 square meters (Fig. 3.9). 
Bedrock geology in the failure proximity comprises 
homogeneous Hampden mudstones which outcrop along the shore 
platform to the north and amidst slide escarpments in the 
south. A northeast-southwest trending· normal fault, down-
throwing the underlying Kurinui Formation is recognized to 
the east, beyond the current slide boundaries (within the 
Moeraki Slide). 
3.6.2 Morphology 
Morphology of the upper slide region is partially 
masked by dense vegetation whilst its lower section has been 
regraded for roading and recreation purposes. Principal 
escarpments developed within Hampden mudstone delineate the 
slide in the east and south (varying in height from 5 to 15 m) ; 
its western margin plus morphology having been obscured by 
more recent mass movement. The failure mass is rectangular 
and can be broadly divided into two equal parts by Haven 
Street and separated by a sharp change in height; an upper 
section broken into a series of well defined tilted blocks of 
comparatively low relief sloping to the northeas.t and a lower . 
coastal section of more gentle topography. Degradation of 
slide mass escarpments in the upper region has infilled a 
narrow depression· forming a flat triangular section to the 
centre the slide body; often associated with "ponding" from 
surface runoff draining the encompassing higher relief. 
Permanent ponding from runoff accumulation occurs in 
deflated zones (graben structures) at the head and toward the 
coastal section of the slide mass. 
Fig.3.9: Hypothetical 
Schematic diagram 
of the Davids 
Road Slide 
SCALE [approx.] 
0 so· lOOm 
DAVIDS ROAD SLIDE 
REFERENCE 
11'1):. 
),'~' 
'--s. 
~ 
'>"'-·? 
r _ _:f__.; 
Af 
'\)/. 
Principal slope failure escarpment 
Movement direction {inferred) 
Shear zone 
Permanently ponded areas 
Volume eroded following 
initial movement 
Refer map enclosure for surveyed profile 
presented with geomorphological interpretation 
of shallow borehole data. 
40m 
0 
.1:'> 
0'1 
47 
All unvegetated scarps are gradually eroding resulting 
in continual accumulation of talus debris. 
3.6.3 Failure Mechanism and Mode 
Limited subsurface data relating to shallow slope 
failure (<10 m) has been collected from five auger holes plus 
one drill hole. No information pertaining to the principal 
basal shear surface of the Davids Road Slide is known hence 
only speculative comment can be made on failure mechanisms 
and modes. 
Mechanism 
Two prime mechanisms of failure are recognized: 
1) Sliding: controlled by discrete bedrock dis-
continuities (bedding, jointing) plus spreading 
rupture {shear) zones. 
2) Flow: plastic "creep11 displacement amidst many 
large or small discontinuities forming "broad" 
zones of deformation. 
The Davids Road failure is shallower than the neigh-
bouring Moeraki Slide but nevertheless moderately deep-seated 
with its basal shear surface extending, unexposed, beneath 
the peninsula's northern coastline. As disclosed along the 
shore platform the Hampden Formation is relatively homogeneous 
with no obvious inherent lithological variation which could 
dictate failure mode. Hence the principal basal shear zone 
may simply propagate through relatively incompetent fissured 
mudstone possibly partially controlled or coincident with a 
bedding plane parting. 
Mode 
Slide mass geometry is that of a complex multiple block 
' failure. Movement appears mainly translational in the head 
region, tantamount to estimated regional dip, with significant 
rotational displacement towards the toe. 
Principal slide morphology most likely developed from a 
single episode of instability with subsequent reactivation of 
isolated patches occurring periodically. 
sted Failure Model 
A concise hypothetical failure model is suggested for 
the Davids Road Slide. 
1) Creep deformation amidst the Hampden Formation 
probably incited by fluctuating base levels 
(glacio-eustatic effects)~ coastal erosion and 
regional uplift (seismo tectonic influences) 
producing a steadily propagating basal rupture 
zone (possibly structurally controlled). 
2) On going "creep" displacement culminating in 
translational slope failure and the shearing of 
coherent mudstone into juxtaposed slide "blocks". 
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3) Subsequent minor episodes of reactivation in the 
toe region; isolated failures rotating "blocks" 
amidst heavily fractured and/or weathered mudstone. 
4) Human interference, removing vegetation, regrading 
topography and concentrat~ng drainage resulting in 
accelerated shallow instability within the failure 
mass. 
3.6.4 Stabi 
Present day slide "activity" is difficult to deduce 
from the information known. A comprehensive cadastral survey 
data investigation to ascertain displacement trends and mag-
nitudes is required before any conclusive statement on slide 
stability could be made. 
Bearing this in mind "blocks" comprising the slide mass 
are assumed "inactive" in regard to abrupt, massive slope 
failure, but prone to shallow creep movement. 
Hazardous subsidiary instability occurs in two regions 
and is principally ascribed to concentration of drainage. 
1) A Haven Street batter slope failure which subsides 
along well defined rupture zones jeopardizing 
traffic. 
2) A coastal slope failure encroaching land used for 
recreation purposes. 
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Extensive altering of current topography (via shallow 
instability or man's activities) in conjunction with adverse 
climatic conditions could feasibly reactivate the Davids Road 
Slide. Sudden slope failure (in part or as a whole) would 
most likely be preceded by accelerated "creep" movement 
easily discerned by conventional survey methods (accurate to 
±1 em). 
so 
3.7 EASTERN SLIDE COMPLEX 
3.7.1 Introduction 
The Eastern Slide Complex is a partially concealed 
large scale feature affecting the eastern Moeraki township. 
The composite slope failure extends southward 300 m from the 
peninsula's northern coastline rising to a height of SO m 
above sea level and covering an area of 8.6 x 10 4 square 
metres. Instability is delineated by a prominent amphi-
theatre escarpment and comprises three, related, adjacent 
slope failures; the Motor Camp Slide, the Tenby Street Failure 
and the Rotational Slide (Fig. 3.10). 
Bedrock geology in the "failure complex" vicinity con-
sists of homogeneous Hampden mudstones which outcrop along 
the northern shore platform and within scarps further to the 
south. No evidence of tectonic folding or faulting which may 
influence mass movement was identified. Mafic intrusions 
flank ·the "complex'' to the east and west (Moeraki Point, 
Tawitiatauka Point) together with an affiliated dyke, striking 
east-north-east which outcrops amidst the principal asynunetrical 
escarpment (central section). 
3.7.2 Motor Camp Slide 
The Motor Camp Slide forms the western section of the 
Eastern Slide Complex. Stretching 280 m southward from the 
peninsula's northern coastline the failure covers an areas of 
approximately 4.3 x 10 4 square metres. 
Slide morphology has been extensively altered to fac-
ilitate residential development. 
A distinctive eliptical escarpment, open to the north 
and vacillating in height (S to 20 m) encloses the failure 
mass. 
Shallow mass movement has eroded and manifested the 
scarp to the south accumulating aprons of colluvial debris 
over the slide's upper section. Slide body relief is low 
and gently undulatory, sloping down to the peninsula's 
northern coastline. 
EASTERN SLIDE COMPLEX 
3.10: Hypothetical schematic 
diagram of Eastern Slide Complex 
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Fig.3.ll: Salient amphitheatre escarpment encompassing the Eastern 
Slide Complex (dashed line) prior to extensive residential 
development in the area; the Rotational Slide plus Tenby 
Street Failure are obscurred with Motor Camp Slide move-
ment direction denoted by the arrow. Note degradation of 
the central scarp region. Looking southwest from 7800E, 
0200N. 
Photograph courtesy Mr P. Kedsley (dated pre 1930's). 
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The area is comparatively free draining with precip-
itation runoff draining higher rel f causing temporary 
pending in de ated zones amidst the slides head region. 
Failure Mechanism and Mode 
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Limited information pertaining to shallow mass movement 
was collated from four auger holes. No data concerning the 
principal basal shear surface are available for the Motor 
Camp Slide so all comment regarding subsurface geometry of 
the slide mass and mechanism of failure is speculative. 
Sliding via discrete bedrock discontinuities (joints, 
bedding) or propagating rupture zone is inferred to be the 
chief failure mechanism. 
The slide appears moderately deep-seated with its basal 
failure plane unexposed and probably extending beneath the 
northern coastline. Developed amidst homogeneous mudstone 
with no apparent lithological variation, the principal shear 
surface may simply propagate through incompetent fractured 
mudstone, conceivably, partially governed by or coincident 
with a bedding plane parting. 
Motor Camp Slide geometry is obscured, however the· 
slide is tentatively described as a translational block failure. 
Movement was to the north, probably shearing coherent 
mudstone into individual "blocks"; although no tangible evi-
dence supports this apart from an inferred graben structure 
at the slide mass head (Fig. 3.10, refer to surveyed cross 
section of the Motor Camp Area in map enclosure). Instability 
most probably initiated from precursory "creep" movements 
evolving a basal shear zone with continued deformation culmin-
ating in complete slope failure. The resultant slide mass 
possibly of "juxtaposed blocks" may have subsequently reacti-
vated, periodically, as isolated slope failures. 
Stability 
The Motor Camp Slide is assumed "inactive". However 
this speculative hypothesis requires verification from cadestral 
survey analyses utilizing the maximum data base {1890 to 1983}. 
Apart from significant regolith/colluvial "creep" 
deformation, two areas of subsidiary "active" mass movement 
are recognized: 
1) Shallow slope failures amidst the slides 
principal escarpment to the south. 
2) Coastal erosion plus affiliated subsidence of 
Haven Street in the north. 
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The influence of minor coastal and headscarp retrogres-
sion on large scale reactivation (in part or as one unit) of 
the Motor Camp Slide is considered minimal in view of the 
failure's deep-seated origin. 
3.7.3 Tenby Street Failure 
The Tenby Street Failure, forms the central region of 
the Eastern Slide Complex. The slide extends 150 m northwest 
of the amphitheatre escarpment delineating the "slide complex", 
covering an area of 3.3 x 10 4 square metres. 
Slide morphology has been virtually eradicated to enable 
urban development. Nevertheless a sequence of degraded essen-
tially linear escarpments trending northeast-southwest and 
varying in height (2 to 15 m) can be discerned within the 
failure mass; intervening sections are tilted and facing the 
northwest (Fig. 3.12). 
Precipitation drainage off high relief results in temp-
orary ponding in deflated areas. 
Failure Mechanism and Mode 
No subsurface information, either direct or indirect, 
relating to the slide is known. Hence all comment pertaining 
to failure mechanism and mode is speculative. Slope failure 
appears to have involved two main mechanisms. 
1) Sliding: via defined bedrock .discontinuities 
(jointing and along advancing shear zones~. 
2) Flow: slow plastic "creep" deformation across 
broad zones with limited concentration of move-
ment along any single bedrock failure. 
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Fig.3.12: Eastern Slide Complex, central section; partially showing 
principal escarpments delineating the three related slides. 
Dotted arrow denotes that section of the scarp subsequently 
eroded by a large debris flow-slide amassing colluvium onto 
rotated slide blocks; inferred location of the volcanic dyke 
is also highlighted (refer map enclosure, en~ineering geology 
maps). Note regrading of mudstone to facilitate expansion of 
Motor Camp accommodation has begun. Viewing southeast from 
7550E,0400N. 
Photograph courtesy Mr P. Kedsley (dated about 1940's). 
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The slide seems moderately deep-seated with its princi-
pal basal rupture zone plunging, unexposed, to the northwest. 
Northwesterly movement was against estimated regional 
dip emphasising the incompetence of the Hampden mudstone. 
Original slide morphology is mostly obscured but slide 
mode can be inferred as a Rotational multiple block failure. 
Instability was most likely initiated as "creep" dis-
placement due to relaxation of horizontal stress when the 
adjacent region failed (Motor Camp Slide). Continued precur-
sory creep probably sufficiently weakened material to yield 
episodes (at least three) of rotational slide-flow slope 
failure forming a sequence of tilted blocks subsiding to the 
northwest. Retrogression is possibly structurally controlled 
by the mafic dyke striking east-north-east (Fig. 3.10). 
Stability 
Individual blocks comprising the failure mass are 
assumed "inactive" however this requires cadastral survey 
verification. If extensive alteration of present topography 
occurs (via active shallow slope failure or man's actions) 
in conjunction with adverse climatic conditions, reactivation 
of the Tenby Street Failure may result. Sudden slope failure 
would be preceded by accelerated "creep" movement and delin-
eated by tension cracking. 
No active shallow instability occurs within the slide 
region, but some surficial "creep" is expected. 
3.7.4 Rotational Slide 
The Rotational Slide, covers an area of 1 x 10 4 square 
metres and forms an eastern boundary to the "composite slide 
complex". 
A steep, prominent, semi-circular escarpment, varying 
in height (5 to 15 m) encompasses the failure mass. The 
scarp's lateral margin, to the north, has been eroded by more 
recent mass movement amassing colluvium over the slide body. 
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The failure mass comprises back tilted coherent "blocks" 
facing northwest. 
Drainage off high rel is concentrated in the deflated 
zone adjacent to the slide's principal escarpment, causing an 
area of permanently swampy ground. 
Failure Mechanism and Mode 
No subsurface data pertaining to failure mass geometry 
is known nor considered necessary to establish movement mech-
anism and mode. 
The main mechanism of slope failure appears to be 
sliding via a rupture zone extending through intensely frac-
tured Hampden mudstone. 
The slide is moderately shallow-seated with its basal 
shear surface, unexposed, obviously semi-circular and conse-
quently not structurally controlled. 
The slide is a rotational block failure, with lateral 
movement essentially in a west-north-westerly direction. 
Slope failure was probably via a single episode of 
abrupt rapid movement, triggered by unfavourable climatic 
conditions. Displacement has sheared the failure mass into 
two discernible "blocks", both predominently back tilted. 
Equilibrium was most likely restored within the slide mass 
upon failure and there is no evidence of subsequent episodic 
reactivation. 
Stability 
The moderately shallow-seated slide is assumed "stablised" 
and ensuing reactivation along the original basal shear zone 
seems unlikely under the present conditions. 
Shallow mass movement actively degrading the front face 
of slide mass "blocks" but apart from this the only slope defor-
mation identi ed is via surficial "creep" displacement. Mass 
movement is expedited by drainage concentration (runoff pending} 
producing localised high groundwater levels amidst the failure 
mass. 
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3.8 GEOMORPHOLOGICAL EVOLUTION 
The extensive deep-seated slope failures evolved along 
the Moeraki Peninsula's northern coastline highlight the 
incompetence and inherent instability within the Kurinui and 
Hampden Formations. 
Similar deep-seated mass movement is well documented; 
Abbotsford Landslide (Coombs and Norris, 1981}, Mt. Vulcan 
Slide (Smale et.al., 1982} 1 Utiku Landslide {Ker, 1970} and 
the Waipoapoa Landslide (Pettinga, in prep.) 
The similar mode and failure mechanisms of the Davids 
Road and Motor Camp Slides supports a hypothesis for common 
structural control governing their basal shear zones. 
Slip surfaces for both the Utiku and Abbotsford Slides 
were recognised as thin, planar clay layers coincident to 
bedding. Minor lithological variations (mm thick in the 
Utiku case} are difficult to identify and may exist as in-
herent zones of weakness within the Hampden and Kurinui mud-
stones. 
Rock mass defects of lithologies in the study area 
probably in part govern main escarpment morphology, especially 
those secondary scarps developed following an initial move-
ment phase. 
Events responsible for triggering each episode of slope 
movement are the subject of considerable speculation. 
The deep-seated Moeraki Slide probably initiated as 
"gravitational creep" deformation in response to relaxation of 
horizontal stress (principally by coastal erosion) and/or 
seismo-tectonic effects associated with regional uplift. Mass 
movement would have influenced geologic structure along the 
peninsula's northern coastline such that fluctuating climatic 
conditions and base level controls (glacio-eustatic effects) 
most likely triggered further episodic slope failure during 
the Quaternary. 
Instability could be associated with a period of 
extremely heavy precipitation qnd runoff which Stout (1971) 
notes occurs between 1300 and 1700 years B.P. 
A precise chronology of instability is difficult to 
infer without absolute dating of selected samples due to the 
absence of peri-glacial deposits. 
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A generalised outline of the geomorphological evolution 
of Moeraki Peninsula is portrayed in Fig. 3.13. 
Instability Evolution 
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.3.13: Hypothetical geomorphic evolution of Moeraki Peninsula with particular reference to 
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CHAPTER FOUR 
ENGINEERING GEOLOGY 
4.1 INTRODUCTION 
Engineering geology of the township area is discussed 
in five parts. A generalised summary of approach adopted for 
instability investigations is outlined in the first part; the 
second and third parts deal with "characterization" of mud-
stone and volcanic formations furnishing accounts on geotech-
nical proterties, weathering and clay mineralogy. Differences 
within lithologies relating to shallow __ slope failure are 
~~·---·---·~·'---·---
highlighted in a synthesis comprising the fotitth section and 
the final part deals with discussion on "active processes" 
under the headings mass movement, hydrology and coastal erosion. 
4.2 INVESTIGATION PROGRAMME 
Investigations on land stability in the Moeraki township 
involved engineering geological mapping, field monitoring pro-
grammes together with detailed geotechnical testing and can be 
summarised into three successive stages (Fig. 4.1). 
Stage I 
Reconnaissance, which essentially comprised a literature 
review, preliminary mapping and some geotechnical testing, was 
undertaken to delineate the extent of instability plus formu-
late tentative ideas on failure mechanisms. From the conclu-
sions of this initial investigation it was decided a general 
appraisal of mass movement would not be sufficient to understand 
slope processes affecting the township area. For this reason 
the approach adopted was to concentrat~ research on two "active" 
areas of slope deformation causing damage to reading. The 
conclusions drawn from these studies were subsequently applied 
to assess slope failure over the whole of Moeraki township. 
The Motor Camp and Davids Road areas were chosen 
detailed study, because: 
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Fig. 4.1: Investigation Programme Synthesis 
STAGE ONE R 
R LITERATURE 
c REVIEW 0 PRELIMINARY 
N MAPPING 
N 
A INITIAL H SHEAR VANE I INVESTIGATION TESTING 
s 
s \ LIMITED A GEOTECHNICAL N TESTING 
c 
E 
STAGE TWO 
M ESTABLISHMENT CONSTRUCTION 0 OF MONITORING r-- OF CONCRETE N PROGRAMME SURVEY BENCH I MARKS 
T \ 0 INSTALLATION 
R OF PIEZO-
I METRES 
N 
G 
STAGE THREE H ATTERBERG D 
E GEOTECHNICAL LIMITS 
T 
TESTING f--4 GRAIN SIZE 
A LABORATORY I SHEAR VANING 
L 
E DETAILED ENGINEERING 
D GEOLOGICAL 
MAPPING 
(Scale 1: 1000) 
SUBSURFACE ~ AUGER HOLES 
INFORMATION 
'-;" DRILL HOLE 
FURTHER GEOTECHNICAL ~ TR~AXIAL 
TESTING NcLAY MINERALOGY! 
LIMIT EQUILIBRIUM 
ANALYSES AND MASS 
MOVEMENT SUSCEPTI-
BILITY MAPPING 
1) Slope processes at both localities were resulting 
in severe damage to r~ading (Haven Street). 
2) Each region of instability was a well defined, 
individual problem. 
3) Different mechanisms and modes of slope movement 
occurred in each area providing a broad spectrum 
of processes to study. 
Stage II 
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A monitoring programme was commenced prior to any further 
investigations in order to obtain a maximum data base (two 
winters). Survey networks were established in both study areas, 
during July 1981, to evaluate rates and nature of ground move-
ments. Standpipe piezometers (P1 , P2 and P 3 ) were installed 
in September 1981, to record groundwater pressures. 
Stage III 
Remoulded samples collected during piezometer installation 
were tested between November 1981 to January 1982 to establish 
geotechnical parameters fo1:1 Hampden Formation regolith and colluvium. 
Field work for compilation of engineering geological 
maps was carried out during January 1982 to April 1982. 
Tentative failure models for the Motor Camp and Davids 
Road areas were developed and for verification of these, six 
hand augered holes and one borehole were put down in February 
1982. 
A series of, consolidated, undrained, triaxial tests 
with pore pressure measurement to determine effective stress 
parameters were performed on regolith samples from an area of 
active slope deformation. The results were subsequently used 
for limit equilibrium analyses to assess the relative effects 
of falling ground water levels on "active" slope failure. 
The survey monitoring programme was completed in August 
1982, providing a data base of one year with sufficient infor-
mation to: 
1} Delineate unstable areas and their rates of 
movement. 
2) Identify any correlation between ground movement 
and rainfall. 
64 
Information from stability investigations was collated 
and applied in the preparation of mass movement susceptibility 
plans for the township area {scale 1:1000). 
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4.3 CHARACTERIZATION OF THE HAMPDEN FORMATION 
4.3.1 Introduction 
The Hampden Formation is characterized in three major 
sections. The first recounting geotechnical parameters of 
both weatheredandunweathered mudstone (consistency limits, 
grain-size analyses, density and clay mineralogy). Secondly, 
weathering peculiarities are described and thirdly, strength 
parameters of material involved in shallow instability are 
considered. 
Apart from occasional greensand bedding, the Kurinui 
Formation is lithologically similar to the Hampden mudstones, 
hence this chapter is tacitly assumed to typify behaviour for 
both formations. 
4.3.2 Consistency Limits 
Cohesive soils vary from solid state when dry to semi-
solid, plastic and finally liquid upon increasing water 
content. Atterberg (1911) subdivided this continuum via 
arbitrary boundaries into "consistency limits" for a soil, 
two of which Casagrande (1932) specified in terms of standard-
ized test procedures (Atterberg Limits). 
1) The liquid limit, corresponding to the moisture 
content above which a soil readily becomes a 
liquid. 
2) The plastic limit, correlating to the water 
content below which the soil begins to crumble. 
The difference between these two extremes is the 
range of water content over which a soil behaves plastically 
and is a direct reflection of composition and shear.strength 
(Casagrande, 1932). 
The lowermost boundary of soil consistency between solid 
and semi-solid behaviour is defined by the standardized test 
determining Skrinkage Limit. 
Testing of the Hampden Formation was on remoulded samples 
taken from piezometer installations (P 1 , P 2 , P 3 ), auger hole 1, 
along with sti , dry weathered material exposed in slope 
failure escarpments and random samples from brecciated zones 
along the shore platform. 
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Extensive Atterberg and Shrinkage Limit testing was 
carried out to establish the degree of variation in remoulded 
properties within profiles (re r Appendix 3 for test method-
ology} • 
Atterburg Limits 
Liquid and plastic limits showed no distinct variation 
with depth or soil texture (ie. softened profile horizons) ; 
liquid limit (LL) varying between 32% to 87% and plastic limit 
(PL) from 19% to 45%. 
Hydroscopic water (HW) is water absorbed on soil colloids 
and their associated ions (Spangler and Handy, 1973), at room 
humidity, and was determined as a routine measurement (refer 
Appendix 3). The parameter provides a quick, direct reflection 
of relative swelling clay content between samples (assuming 
constant air humidity). It was correlated with principal soil 
parameters to speculatively ascertain their relationships with 
swelling clay mineral content. 
The range of plastic behaviour (PI) and liquid limit 
both increased with growing abundance of swelling clays (infer-
red from HW), whilst the plastic limit showed no correlation 
to~, and thus appears an independent parameter (Fig. 4.3). 
The presence of carbonaceous material within paleosol and 
swamp horizons increased liquid limits without significantly 
altering plasticity index. 
Tests on stiff, dry weathered regoliths showed anomal-
ously low liquid limits (refer Appendix 3). 
Swelling clays absorb moisture increasing the quantity 
of water a soil assimilates before exhibiting liquid behaviour, 
hence the affinity of HW with LL and PI. These tentative 
correlations agree with Bouchardt (1977) who concluded smectite 
clays were indirectly related to both LL and PI, but that PL 
showed no consistent relationship to clay mineral type. 
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Fig.4.2: Regression correlat~ons between hygroscopic water content 
and consistency parameters for Hampden mudstone. 
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The anomalously low, LL, values for dried regolith are 
ascribed to a welding together.of active clay particles upon 
drying rather than change in mineralogy due to degradation. 
Arman (1970) noted organic fibres "fix 11 water 
along with organic micelles increasing soil moisture which 
accounts for the relationship between high LL and carbonaceous 
material (Fig. 4.2). 
Shrinkage Limits 
Shrinkage limits (SL) varied from 4.8% to 14.6% and 
showed no consistent correlation with other parameters (PL, 
LL ' pI I ~} ' (Fig . 4 . 3) . 
Shrinkage limits are influenced by particle arrangement 
or structure, consequently the degree of sample disturbance 
during preparation and testing is reflected in the numerical 
value obtained. For thoroughly disturbed clay pastes, a low 
SL indicates a dispersed structure while a high SL indicates 
a flocculated structure (Winterkorn and Fang, 1975). 
Linear shrinkage (Ls) shows good correlation to HW, 
thus appears influenced by the quantity of swelling clays 
present. Excess carbonaceous material present in some samples 
did not appear to alter this relationship (Fig. 4.3). 
4.3.3 Grain-Size s 
True size analyses of samples containing high percentages 
of clay cannot be measured since analytical techniques do not 
differentiate between variation in size, shape and density 
(the latter dependent on mineral and extent of cation adsorp-
tion, Lewis, 1981). 
Grain-size distributions show the Hampden Formation as 
uniformly graded with amounts of sand varying from 2% to 13%, 
silt from 37% to 67%, and clay from 23% to 55%. 
Sand fraction percentages seem consistent whilst clay 
quantity varied with amount of silt. 
Carbonate content, was estimated from 50 gm samples 
and varied between 3% to 7% for weathered regolith and 9% to 
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l2% for unweathered mudstone (refer Appendix 4 for methodology) . 
4.3.4 Density 
Density was determined using a Balloon Densometer with 
30 gm balloon, 200 mm diameter x 50 mm rings allowing large 
representative sampling with a minimum of disturbance to in-
situ structure (methodology, NZS 4402, Part 2, 1981). 
Bulk density of weathered overburden showed no relation-· 
ship to depth or texture, varying from 1.530 t/m 3 to 1.888 t/m 3 
but good correlation to moisture content (Fig.4.4a). Partially 
softened blue-grey brecciated horizons exposed along the shore 
platform had bulk densities of 1.065 t/m 3 and 1.124 t/m 3 • Bulk 
densities of relatively unweathered mudstone were 1.105 t/m 3 
and 1.085 t/m 3 ; the anomalously lower densi~ies attributed to 
open discontinuities amidst material tested. 
Two exceptions occur to the well defined relationship 
between weathered overburden bulk density and moisture content, 
which are principally attributed to erroneous water content 
measurement (in the order of 10%). The presence of dry, hard 
mudstone fragments amongst moist ambient mud matrix, affects 
moisture content based on bulk samples. Hutchinson (1970) 
notes differences in water percentages between softened mud-
sane and hard inclusions of up to 9%, resulting in significant 
moisture content error if the sample is considered on a bulk 
basis. 
4.3.5 Clay Mineralogy 
The clay fraction is a size term, referring to grains 
finer than two microns, the bulk of which are laminated flake 
shaped particles known as clay minerals. 
Mineralogy was identified by x-ray diffraction using 
a Phillips X-ray diffractometer with CvKa radiation maintained 
by a 1° divergence slit, a 0.2 mm receiving slit and a 1° anti-
scatter slit. A Norelco tube was run at 34 Kv and 34 rnA and 
diffraction patterns recorded at a scan rate of 1° min (refer 
Appendix 5 for methodology) . 
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Materials analysed were sampled from a profile of 
Hampden Formation regolith exposed along the shore platform 
in the Davids Road area and consisted of: 
1) softened mudstone, 
2) weathered regolith, containing hard mudstone 
inclusions within an ubiquitous softened matrix 
(yielding characteristic lumpy texture), 
3) similar textured but unweathered horizons; 
exposed between coherent "blocks" of blue-
grey mudstone, 
4) unweathered Hampden mudstone, 
5) stiff, dry, weathered mudstone regolith. 
Objectives analyses were. 
1) To identify mineralogy. 
2) To ascertain any significant changes in mineral-
ogy associated with the development of specific 
weathering textures (ie. softened horizons). 
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As quantitative analyses were not carried out relative 
changes within mineral groups relating to different horizons 
within the profile are not hightlighted. 
The following mineral assemblages were indentified: 
Illite, Kaolinite, Vermicul and Smectites. 
Dried regoliths showed regular and random 
interlayering of Vermiculite, Smectite and 
Illite. 
No variation associated with texture or depth was identified. 
Mineralogy of blue-grey mudstone was similar to yellow-brown 
regoliths tested. 
It should be noted variation in PH, ion concentration 
and organic material will alter abundaRce and clay mineral 
type within materials hence analyses performed only provide 
a reflection of lithological mineralogy. 
Based on visual appraisal of diffractogram peak inten-
sity and area, smectites appear to comprise the majority of 
the clay fraction followed by Kaolinite,then Illite with 
vermiculite a minor constituent. 
4.3.6 Weathering 
73 
Weathering is the total effect of all processes which 
bring about the decay and disintegrat1on of rocks providing 
that no large scale transport of loosened products is involved; 
ie. such as wind or rain wash which are essentially erosional 
(Holmes, 1965). 
Identification of active weathering mechanisms plus 
their associated products is complicated by mass movement 
history of the township area. Repeated slope failure, on 
various scales, has confused geologic structure and hence 
establishment of textures developed in-situ or as a result 
of downslope movement, is difficult in some regions. 
Weathering results in a continuous, transient gradation 
between rock and soil, thus all descriptions in terms of rigid 
classifications are arbitrary. 
The Fookes et.al. (1971) scheme based on texture was 
adopted for in-situ field classification (Fig. 4.5). The 
"state" of weathering for thoroughly remoulded samples when 
structure and texture are destroyed, is described in terms of 
oxidation (mottling and gleying) . Mottling is specified via 
contrast, size and abundance; gleying often related to organic 
material in terms of weak, moderate or strongly gleyed (refer 
Appendix 7). Both are indicative of chemical weathering and 
the presence of iron. 
Field exposure showed mudstone lithologies prone to 
slaking. In view of this no standardized slaking tests were 
felt necessary since the results would 
1) merely confirm conclusions that these formations 
are susceptible to slaking, 
2) provide no further insight into the mechanisms 
of slope instability. 
Changes in geotechnical properties associated with 
weathering are inferred from slope stability investigation in 
the two detailed study area. 
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ground surface con- completely destroyed. 
dltions. There Is a large volume 
cllangc. 
v Completely The soil is discoloured The rock iJ discoloured Can be e.'cavated by band or ripping 
weathered and altered with no and Is changed to a without use of explosives. Unsuitable 
trace of original soil, but the original for foundations of concrete dams or 
10 structur~ fabric is mainly pre- large structures. May be suitable for 
served. Tho properties foundations of earth dams and for 
of the soil depend in fill. Unstable in blgh cuttings at stoop 
part on tho nature of angles. New joint patlcrns may have 
!be parent rock. formed. Requires erosion proteetlon. 
9 Badly IV Hfghly The soUls mainly The rode is discoloured; Similar to grade V. Unlikely to be 
weathered weatheredt altered with occasional <lli<:ontlnuities may be suitable for foundations of concreto 
small lithorcllcts of open and have <ts- dams, Erratic presence of bouiders 
origloal soil. Little coloured surfaces and makes it an unreliable foundation 
or no trace of original lbe original fabric of for largo structures. 
structures, the roek near the dis-
8 continuities is altered; 
. alteration penetrates 
deeply inwards, but 
coreston .. arc still 
present. 
1 m Moder:ately The soil is composed of The roo.lc is discoloured; Excavated wilb dliliculty without usc 
weathered+ large discoloured discontlnultles may be of explosives. 
lltho"'llctt of original open and surfaces will MosUy crush .. under bulldozer trach. 
soil separated by have grMtoc dis- Suitable for foundatio!U of small 
~ Weathered altered material · · colouration witti the · concrete structures and ro<:l:lill dams: 
Alteration penetrates allcration penetrating May be suitable foe sem.ipervious fiU. 
inwards from the inwards; the intact Stability in cuttings depends on 
surfaces of dlsconli- rock: is noticeably structural features, especlally joint 
nuities. weaker, as determined attitudes. 
s in the field, than the 
fresh rock. 
li Slightly The ma\orial is com· The rock may be slightly Requires uplosives for excavation. 
weathered posed of anguiar discoloured; particu· Suitable for concrete dam foundations. 
blocks. of fresh soil, larly adjacent to db· Highly permeable through open joints. 
4 which may or may not continuities which may Often more permeable than the zollOS 
be discoloured. Some b<l open and have abo\'e or below. Questionable as 
altered material slightly discoloured concrete aggregate. 
Fresh starting to penetrate surface.; the intact 
inwards from di.s- rock is not noticeably 
continuities separating weaker than the fresh 
blocks. roo.lc. 
3 I Fresh rock The parent soil shows The parent roclc shows Staluing indicates water percolation 
no dlscolourat!on, lou no dis~olouration, toss along joints; individual pieceo may 
of strength or other or strength or any be loosened by blasting or stress 
effects duo to olber effects due to reUd and support may be required in 
weathering, weathering, tunncls and shafts. 
•The N.I.R.R. Classification is given for comparative purposes and the Grade Flgnros given throughout tho te.t.,.. those in the third column. 
tTotal Index ValW! obtained by adding together th" ind"" value for lustre, haedn<>U and consistency and state of crystalliz.atlon. 
me ratio of original soil or rock to altered material should be estimated where possible, 
Fig.4.5: Weathering classification adopted for in-situ field description; 
according to Fookes et.al. (1971). 
74 
75 
slaking 
Slaking encompasses all processes causing the disaggre-
gation of materials by an increase in strain from the ingress 
of water. 
Intact unweathered Hampden mudstone slakes via a contin-
uum of mechanisms to form a "softened" cohesive clay of the 
same mineralogy. 
Slaking phenomena occur simultaneously on a number of 
scales. The influence and effect of various mechanisms on 
material depend on: 
1) Permeability and porosity which control the entry, 
retention and mobility of pore fluids. 
2) Cementation and consolidation (stress history) 
which determine the resistance to tensional 
forces induced by slaking. 
3) Mineralogy. The adsorption of ions or molecules 
plus solution of cement being significant in 
the slaking process. 
Processes involved in slaking can be broadly classified 
into two categories (Fig. 4.6). 
1) Intra-Particle swelling. 
2) Inter-Particle swelling. 
Intra-particle swelling involves rapid disaggregation 
principally controlled by permeability, porosity, cementation 
and consolidation; processes comprise: 
Air Breakage 
Tensional failure attributed to air trapped and 
pressurized by the rapid ingress of water usually 
within a dry mass (voids mainly air filled). 
Terzaghi and Peck (1936), Taylor and Spears (1970), 
Badger et.al. (1956). 
The mechanism is dependent on void size rather 
than void volume (ie. capillary pressure is 
inversly proportional to pore radius). 
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PROCESS MECHANISM DOMINANT CONTROLS 
INTRA-PARTICLE AIR consolidation J 
cementation 
SWELLING BREAKAGE 
permeability J porosity 
INTER-PARTICLE CHEMICAL 
clay mineralogy 
SWELLING DISSOLUTION 
IONIC 
DISPERSION 
Fig.4.6: Synthesis of slaking processes. 
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Inter-particle swelling is a slower process of disaggre-
gation, primarily dependent on clay mineralogy and hence influ-
enced by chemical weathering; processes comprise: 
Chemical Dissolution 
Chemical dissolution, as proposed by Nakano (1967) 
refers to the ability of an ubiquitous solution to 
form hydrogen bonds with originally absorbed water 
molecules (predominantly around clay minerals) , 
thus causing an increase in strain. Total evapor-
ation is unnecessary and the process may occur in 
response to fluctuating vapour pressures (or ground 
water levels). The practical implications of this 
being "softening .. of mudstone may proceed till the 
chemical potential of absorbed water becomes equal 
to that of the ground water as active surface 
of mudstone clay particles are exposed and water 
molecules absorbed (Nakano, 1967). 
Ionic Dispersion 
Dispersion may result by repulsion of similarly 
charged clay micelles; individual mineral charges 
relating to their atmosphere of exchangeable 
absorbed ions. The ease of dispersion/disaggre-
gation is dependent on clay type plus dominant 
cation, ie. clays of hydrated cations such as Na 
prove the easiest to disperse, followed by K, 
followed by Mg. Properties of the ambient pore 
fluid are not significant due to the excessively 
high ionic concentrations required before disper-
sion is reduced (Badger et.al., 1956). 
Stress Relief 
Stress relief may result in brittle tensional fracture 
or jointing when the difference betw~en effective vertical and 
horizontal stress exceeds the materials' peak strength. 
Fracturing is classified into two groups: 
1) Systematic joints, occurring in ordered sets, 
with sub-planar surfaces over lengths of several 
metres. 
2) Non Systematic joints, or fissures occurring in 
more or less random.orientations with irregular 
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or concoidal surface over short lengths (1 em to 50 em). 
(Skempton and Petley, 1967). 
Both systematic and non-systematic jointing through the 
mudstone units are attributed mainly to stress relief, plus to 
a lesser degree,seismotectonic effects and slope instability. 
Systematic jointing as mapped within the Hampden and 
Kurinui Formations extends for tens of metres, maintaining 
essentially constant strike. Mudstone fissuring intensifies 
towards the ground surface forming profiles of disaggregated 
"blocks"; fracture concentration and depth being influenced 
by ground water fluctuation and mass movement. 
Effects of stress relief are related to consolidation 
history. 
Over-consolidation causes deformation of flexible clay 
particles which, if not strained beyond their elastic limit, 
is partially recoverable. Thus clay rich materials may 
contain latent strain energy, the amount dependent on consol-
idation pressure, diagenisis and clay fraction properties 
(Bjerrum,l967). 
Stress relief fracturing increases permeability facili-
tating weathering and the release of latent strain stored 
within isolated mudstone "blocks". The higher the recoverable 
strain the higher the potential volume and moisture content 
of fully degraded clay, ie. moisture content of intact Hampden 
mudstone is about 24% in contrast to 40% in the ''softened" 
weathered state where latent strain has been released. 
Oxidation 
Oxidation involves the combination of elements with 
oxygen or the removal of electrons and is the dominant chemical 
weathering process degrading mudstone formations. Most signi-
ficant is the reaction of pyrite with oxygen rich ground water 
Yielding ferrous sulphate and sulphuric acid. 
FeS 2 +H 2o+ 7(0) + Feso4 +H 2so4 
The ferrous sulphate may combine further with water 
to produce limonite and sulphuric acid (Morgenstern, 1970). 
The brownish-yellow stain of limonite is common but mos~ly 
dehydrates to hematite exposed as large red stains along 
fissures (Fig. 4.7). 
Feso4 + 2H 2o + Fe(OH) 2 +H2so4 
limonite 
2He(OH) 2 + Fe 2o3 + H2o 
hematite 
Hematite accounts for the yellowish brown colour of 
weathered Hampden and Kurinui Formations (Fig. 4.8). 
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Percolating solutions containing calcium carbonate 
from dissolved cement or foraminifera react with sulphuric 
acid (produced by degradation of pyrite) to form gypsum which 
may crystallize out as selenite (Chandler, 1972). 
H2so4 + Caco3 + 2H 2o + Ca:so4 :2H20 + H2co3 
Precipitation of gypsum often concentrated along frac-
tures, results in significant volume increase aiding mechanical 
breakdown of mudstone. 
Weathering Model 
The weathering of intact mudstone,ultimately to a plastic 
cohesive clay via the mechanisms described, is referred to as 
"softening" and within the field area appears a continuum 
which may be divided into three successive stages (Fig. 4.9). 
Weathering processes (slaking, stress relief, oxidation) 
are interdependent and act simultaneously, with the signifi-
cance of each .method in an area relating to local 
conditions. 
Slaking: the principal "softening" mechanism, 
predominantly via intra-particle swelling 
(chemical dissolution); accelerated in areas 
of high ground water and pore pressure (desic-
cation is not essential). 
Fig.4.7: Hematite and 
limonite oxidation along 
relict joint (dotted) 
within the Hampden 
Formation (7850E,0550N). 
Scale 
0 2 em 
Fig.4.8: Weathered 
yellow-brown Kurinui 
mudstone exposed along 
the peninsula's north-
western shore platform 
(6900E,0450N). 
Scale 
0 
80 
WEATHERING MODEL FOR IN-SITU SOFTENING OF MUDSTONE 
Stress relief, 
slope instability 
and seimotectonic 
effects causing 
non-systematic 
jointing 
Slaking liberat-
ing latent strain, 
yielding reduced 
strength and 
increased 
moisture contents 
~~M~:-. --:". •~ ,....~-, ·:~·- :"" ~:-~ Jij TJ- ' =~ . 
OVER-CONSOLIDATED 
MUDSTONE SEPARATED 
INTO COHERENT BLOCKS 
BY SYSTEMATIC JOINTING 
OVER-CONSOLIDATED ( rh....n ..._ -*. 
MUDSTONE, FISSURED 
COHESIVE, PLASTIC CLAY 
Fig.4.9: Schematic representation of "model" for 
in-situ mudstone softening; note absence 
of oxidation in all three stages. 
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Stress relief: by increasing permeability, exposing 
a larger surface area and contributing to slaking 
by strain release. 
Oxidation: by dissolution of calcareous cement, 
reaction with Fe and precipitation of gypsum 
weakening inter-particle bonding. 
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Oxidation is not essential to the "softening" process, but is 
accentuated by increasing area exposed to reaction hence oxi-
dation zoning often broadly correlates to the three stage 
we a the ring "model" • 
Regolith Development 
Mudstone regolith is defined as that zone of in-situ 
yellow-brown overburden which rests on blue-grey unweathered 
mudstone; depths vary between 1 m to 7 m with the disaggre-
gated mantle often characterized by a sharp basal bedrock 
overburden boundary. 
In-situ profile development can be broadly divided 
into three stages based on weathering characteristics (Fig.4.10). 
non-systematic 
joints or fissures 
shrinkage cracks 
Stage One (Slightly Weathered) 
Fissuring refers to 
discontinuities 
separating mudstone 
into "blocks" whilst 
shrinkage cracks 
relate to breakage 
within individual 
blocks 
Blue-grey mudstone broken into coherent blocks by 
fissuring; spacing >1000 mm. No shrinkage cracking. No 
significant oxidation or precipitation of gypsum observed. 
Carbonate content approximately 9% to 12%, field moisture 
content 24% to 27%. 
' 
' \ 
\, 
' ... ---- - .... I 
' I 
' ' ,_, 
SLIGHTLY WEATHERED MUDSTONE ___ -- ------- _-_-;,-- ----
[STAGE ONE IN WEATHERING MODEL] sca!e [approx] 
0 1m 
Fig.4.10: Weathering zones classified according to Fookes et.al. 
(1971) correlated with stages comprising the regolith 
development "model". View from the shore platform, 
Davids Road area (7250E,0350N). 
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S Two (Moderately Weathered) 
Grey-brown fissured clay. Fissure spacing 10 mm to 
100 mm and shrinkage cracking spaced at 1 mm to 2 mm. Oxi-
dation concentrated along major fissures in zones composed of 
limonite and/or hematite. Gypsum crystals rare. 
Stage Three (Highly Weathered) 
Light-yellow-brown fissured clay; containing solid 
lithorelics (up to 30 mm) within a matrix of fine silty clay 
which appears remoulded. Oxidation occurs as lithorelic skins 
(1 rnrn to 5 rnrn); varied mottled patches within the ambient 
matrix occur together with occasional gelyed zones. Gypsum 
crystals common. Carbonate content approximately 3% to 7% 
and field moisture percentage varying between 24% to 41%. 
Regolith development appears initiated above. the 
water table where disintegration of mudstone is accelerated 
by desiccation (inducing slaking) and oxidation (Fig. 4.11). 
Hence sharp basal contacts between regoliths and underlying 
mudstones probably represent the lowest surface of relict 
ground water tables; a hypothesis supported by oxidised 
regolith lithorelics anomalously present in reducing conditions, 
below current water table fluctuations. 
Relatively continuous, horizontal, "softened horizons" 
occur within both regolith and relatively unweathered mudstone 
which may depict remnants of systematic joints along which 
ground water has accelerated the softening (via slaking) 
process. 
X.R.D. clay mineral analyses showed no significant 
leaching trends down the regolith profile tested or distinct 
changes in mineralogy associated with different textures. 
4.3.7 Strength 
Strength is defined in terms of total or effective 
'stress depending on the assumed drainage condition. 
If undrained, Coulomb's equation defines strength in 
terms of total stress: 
Fig.4.ll: Oxidised relict 
joint dividing desiccat ed 
from moist in-situ 
mudstone. Accelerated 
s laking above the zone 
of saturation enhances 
deve lopme nt of yellow-
brown regolith from 
blue-grey mudstone 
(7850E,0550N). 
''DESICCATED# HAMPDEN 
MUDSTONE 
'MOl Sl HAMPDEN 
MUDSTONE 
sca!e [approx 1 
QL..-~-~19cm 
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T = c + an Tan ¢ 
T = shear strength 
c = cohesion 
an = normal stress 
¢ = angle of internal friction 
If drained conditions prevail, strength is specified 
by Terzagli's equation in terms of effective stress parameters: 
and 
The 
-r' = c' + (an'-~)Tan ¢' 
c' = effective cohesion 
an'= effective normal stress 
¢' = effective anlge of internal friction 
]l = pore pressure 
T I = effective shear strength 
relatively large clay content (approximately 45%} 
of Hampden mudstones influences their strength in a number of 
ways. 
1) Cohesion is increased. Physio-chemical attraction 
is concentrated within the clay fractions due to 
the high surface area plus anisotropic charge of 
clay micelles (stress history and diagenisis also 
influence cohesion) . 
2) The angle of internal friction may be considerably 
reduced. (Upon alignment of flake shaped minerals, 
predominantly confined to the clay fraction.) 
3) Strength in partially saturated material is supple-
mented by negative pore pressures (capillary suction) 
or alternately reduced by positive pressures both of 
which are maximised within the clay fraction; capil-
lary suction due to the large contact area between 
particles and positive pressures due to slow drainage 
within fine grained materials. Hence, ostensibly, 
the high undrained strength of desiccated mudstone 
is attributed to capillary.suction, whilst the 
comparatively low saturated strength to positive 
pore pressure. 
Most important to slope stability assessment and the 
determination of relevant strength parameters is the changes 
in strength associated with weathering. 
Changes in Strength Associated with Weathering (Softening 
Process) 
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Consider a hypothetical block of intact, overconsolid-
ated mudstone containing latent strain and confined by all 
around pressure. Stress relief jointing fractures the 
mudstone into a number of individual, disaggregated "blocks". 
Skempton and Petley (1967) make the following tentative con-
clusions on strength along systematic joints: 
1) The majority of cohesion along the joint surface 
is destroyed (c' reduced by 90% from intact value) 
without causing much reorientation of particles 
(~' reduced by only 1.5°). 
2) Fractures can be considered at residual strength, 
especially at low confining pressures. Small 
shearing movements in the order of a few milli-
metres along original fractures are sufficient to 
orientate particles within a boundary layer 
reducing ~ to its residual value and polishing 
the surface. 
Following fracturing the processes of mudstone softening 
are accelerated with individual defects actings as stress 
concentrators allowing latent strain release. The increase in 
strain and moisture content associated with softening decreases 
the strength within each block well below peak, ie. if cohesion 
or peak strength is not exceeded the softening process does 
not perpetuate. 
Expansion of fissured clay to its full potential is 
generally prevented by surrounding confining stresses. If 
slope movement or jointing allows liberation of all latent 
strain, the material becomes "normally consolidated" and the 
mass reaches its "fully softened strength". Skempton (1970) 
notes at this stage strength parameters are equivalent to peak 
strength of the same clay had it not been subjected to over-
consolidation. Strain required to reduce an overconsolidated 
clay to the 11 fully softened" condition, or approximately to 
this state, several times greater than the strain to peak 
strength, but is neverthe s, not large and considerably less 
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than that corresponding to residual strength (Skempton, 1970). 
It seems probable that once st~ength has fallen to the "fully 
softened value", or close to it, there are no principal shear 
surfaces but instead a complex of minor shears such as Riedel, 
thrust and displacement shears (Skempton, 1966) which are not 
linked into a smooth continuous surface. Particle reorient-
ation will have occurred along these minor ruptures as 
demonstrated by Morgenstein and Tachalenko (1967); note the 
effects of such fabric is incorporated into the "fully softened 
strength" (Skempton, 1970). 
Once a principal slip surface has formed subsequent 
movements are concentrated along it without fundamental change 
in the pattern of rupture (displacement shears), the orient-
ation of particles with increasing strain ultimately reducing 
strength to the residual value. Shear zones within the 
Hampden mudstone (consisting of thrust, Riedel and principal 
slip surfaces) exposed along the shore platform were sharply 
defined, sub-planar and commonly less than 5 em wide (Fig.4.12). 
The characteristic behaviour of over-consolidated clay 
rich material produces a distinctive stress-strain relation-
ship important in the assessment of slope instability (Fig. 
4.13). The significant reduction in strength with increasing 
strain (peak to fully softened to residual) yields suscepti-
bility to a certain variety of slope deformation peculiar to 
over-consolidated clays ("progressive slope failure" refer 
Chapter Five, Motor Camp Area). 
Strength Determination 
Reconnaissance investigations involved in-situ undrained 
strength determination at standard intervals down three explor-
atory boreholes (adjacent to holes 1, 3 and P 2 ) utilizing a 
Geonor hand held shear-vane (refer Appendix 6 for methodology 
plus analysed data) . 
Undrained strength showed no correlation to depth and 
only a broad relationship to moisture content. 
Results are of limited accuracy due to plant debris and 
small mudstone"blocks" within ambient regolith/colluvium matrix 
Fig.4.12: Well delineated sub-planar basal shear zone 
(arrowed) exposed along the northwestern 
shore platform. View looking south from 
6900E,0450N . 
0 4m 
Scale 
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PEAK 
STRENGTH 
PARTIALLY 
SOFTENED 
STRENGTH 
FULLY 
SOFTENED 
STRENGTH 
STRENGTH 
~ 
~ 
+-
t-
..._ 
~~:~*~~ru 
~---
..._ 
• 
• ·. 
Hard mudstone block 
containing latent strain 
Partial liberation of strain 
(via slaking) consequently 
reducing strength beyond peak 
No latent strain; clay 
normally consolidated with 
a complex of minor shears 
Principal shear surface 
developed, along which 
clay minerals are orientated 
reducing strength to residual 
value 
1 
2 
3 
4 
----..l'~W!:-------
4 Residual 
consolidated cla 
STRAIN EFFECTIVE NORMAL STRESS 
Fig.4.13: Stress-strain characteristics and associated strength parametersforover~consolidated 
clays; note significant strength reduction from peak to residual with comparatively 
small increase in strain. 
1,.0 
0 
disrupting shear-vane action and hindering relevant moisture 
content determination (refer section 4.3.4). 
Two general conclusions are made: 
l) Remoulded, undrained strength of mudstone colluvium/ 
regoliths are in the order of 1.5 t/m 2 to 
4 t/m 2 (14.8 kPa to 39.2 kPa). 
2) Horizons rich in organic matter had signifi-
cantly higher moisture contents and consequently 
lower undrained strengths. 
Laboratory vaning was subsequently carried out to 
verify these conclusions, the accuracy of results increased 
due to: 
l) Thorough remoulding, and removal of plant 
debris ensuring an even sample texture and 
thus facilitating accurate vane strength plus 
moisture content determination. 
2) Application of a controlled strain rate until 
failure. 
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Thorough remoulding of material caused high water con-
tent yielding low undrained strengths, the correlation of which 
compared favourably with extrapolated in-situ field vane 
results (Fig. 4.14). The relatively large changes in moisture 
content in comparison with shear strength are attributed to 
absorption of water by swelling clay minerals. Presence of 
organic material appears to increase weathered mudstones 
capacity for water assimilation thereby reducing cohesion (ie. 
undrained vane strength directly reflects cohesion since ¢ is 
assumed zero, Fig. 4.14). This data is in apparent conflict 
with more detailed research by Arman (1970) who concludes both 
unconfined compressive and triaxial shear strength of organic 
soils increases with organic content. 
In the field situation paleosols and swamps most likely 
exist as regions of water concentration, which would reduce 
strength; thus they may be regarded zones of weakness amidst 
Ubiquitous regolith and colluvium. 
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\ 
~~~ in-situ ~~'\undrained ~· t=::::::.:-f ,strength 
t::::2 
' ' .J::::::::: 
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Undrained Shear Strength (t/m2 ) 
Fig. 4.14(a): Correlation of shear vane data. 
Fig.4.14(b): Geonor Laboratory 
Shear Vane 
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Effective stress parameters for limit equilibrium 
analyses were determined from consolidated, undrained triaxial 
tests incorporating pore pressure measurement. 
Parameters are used in assessing currently "active" 
regions plus areas of incipient failure. 
First time slides within over-consolidated clay rich 
materials such as the Hampden Formation, occur well below 
peak strength (Skempton, 1964; Bjerrurn, 1967) often approaching 
the "fully softened" value (Skempton, 1970, 1977). For this 
reason undisturbed samples for in-situ strength determination 
were obtained from "softened" mudstone amidst the failure 
mass of an active slope failure (School Slip, refer Chapter 
Five). Specimens were collected in 35 rnrn silicone greased 
cores from a 1.5 m deep pit. 
Confining pressure (effective pressures of 100, 150 and 
350 kPa) were sufficiently high to minimise the influence of 
any partially softened "blocks" within the core matrix. 
Stress-strain plots showed no pronounced peak upon failure, 
indicating "plastic" deformation characteristic of "softened" 
mudstone rather than the pronounced peak associated with 
over-consolidated (non softened) material. 
A graphical plot of shear strength versus normal stress 
produced two plausible sets of effective stress parameters 
for softened Hampden mudstone (Fig. 4.15). 
<P I = c' = 8 kPa 
= c' = 0 
Triaxial testing could not strain samples sufficiently 
to obtain the residual strength. Undisturbed sampling of 
clearly defined shear zones most likely at the residual value 
proved impractical and therefore no effective residual strength 
parameters are known. 
16 
-;:;;- 14 
p.. 
.!<: 
Ul 12 
{fJ 
Q) 
:... 
~ 10 
:.... 
l1j 
aJ 80 
...c: 
(f.l 
aJ 60 :> 
·rl 
+l 
() 
Q) 4 4-i 
4-i 
(il 
~__,.-~ 
~~~---
~~---­
~ ,....... -:::::--..- ..-
_.....-::- :;:::-::;. ---
~--
--- .......-:.:--
- ,.,..,...,.,..,----
-"""",...,...-
20 40 60 80 100 200 300 
Effective Normal Stress (kPa) 
~.y---
--~~~~ 
_____ ..... ~· 
400. 
.,.,.---..-: __ ... -=..-
~- -_..,-
--
Fig.4.15: Graphical plot of triaxial data showing two most plausible interpretations representing 
effective strength parameters. (----<P' ,c'=8 kPa) (--------- <P'=l8°,c'=O) 
-:::::-
500 
1,.0 
.t::. 
95 
4. 4 CHARACTERIZATION OF THE WAIAREKA FORMATION 
4.4.1 Introduction 
Characterization of the Waiareka Formation is described 
in seven concise sections; consistency limits, grain-size 
analyses, density, clay mineralogy, weathering, regolith 
development, and strength. 
No mass movement damaging housing and/or roading was 
identified within the formation hence description of the unit 
is based on limited geotechnical testing and is outlined 
purely for comparative purposes. No boreholes or profiles 
were necessary since regoliths are shallow (1 ern to 100 ern) 
and proved homogeneous lacking any horizon or textural 
development. 
4.4.2 Consistency Limits 
Testing of the Waiareka Formation was on ten rernoulded, 
random samples collected from shallow pits without reference 
to depth or any regolith horizonal structure. 
Atterberg Limits 
Liquid Limits vary between 29% to 43% and the plastic 
limits from 17% to 20%. 
Correlations between principal soil mechanics parameters 
and hygroscopic water content (~) followed fundamental pat-
terns disclosed from testing of the Hampden Formation; the 
limited data base means relationships are only tentative. 
Plasticity index and liquid limit both increased 
corresponding to increases in swelling clay content (HW) and 
plastic limit appeared independent of HW (Fig. 4.16). 
Shrinkage Limits 
Shrinkage limits varied widely· from 6.5% to 13.9% showing 
an "apparent" correlation to HW. The relationship is contra-
dictory to that found within the Hampden mudstone and is specu-
latively ascribed to the insufficient data base. 
Linear shrinkage appears controlled by swelling clay 
content. 
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C denotes correlation 
coefficient; data 
base 10 points. 
Plastic limit 
c 0.85 
Liquid limit % 
32 34 36 38 40 42 44 46 
c = 0.54 
Shrinkage limit % 
8 9 10 11 12 13 14 15 
c ~ 0.86 
Linear Shrinkage \ 
13 14 15 
c = 0.90 
Plasticity Index 
14 16 18 20 22 24 26 
Fig.4.16: Regression correlations between hygroscopic water content 
pnd consistency parameters for Volcanic regoliths. 
97 
4.4.3 Grain-Size Analyses 
Grain-size analyses done.by pipette and sieve techniques 
showed volcanic regoliths were well graded with amounts of sand 
varying from 25% to 57%, silt from 25% to 53%, and clay from 
14% to 35%. No one coarse size fraction appears to predominate, 
implying each is composed of equally unstable minerals, equiva-
lent in susceptibility to weathering breakdown. 
4. 4. 4 Density 
Density of volcanic regoliths was determined using a 
Balloon Densometer with 30 gm balloon, 200 mm diameter x 50 mm 
rings • Bulk densities of 1.484 t/m 3 and 1.460 t/m 3 were 
determined, associated with moisture contents in the vicinity 
of 15%; low densities being indicative of a sandy open textured 
soil structure (methodology, NZS 4402, Part 2, 1981). 
4.4.5 Mineralogy 
Clay mineralogy was identified by X-ray diffraction 
(refer Appendix 5 for methodology) . Four randomly collected 
sandy regolith samples overlying the Moeraki Intrusive Sheet 
were tested with the principal aim of providing an insight 
into the materials geotechnical behaviour. 
The clay mineral assemblage identified is: 
Vermiculite, Illite, Smectite and Halloysite. 
As no quantitative analyses were attempted, relative 
changes within individual mineral groups reflecting selective 
weathering of specific unstable minerals are not highlighted. 
Based on visual comparison of diffractogram peak intensity 
and area, smectites appear in significantly larger quantities 
within the clay fraction than either vermiculite or illite, with 
halloysite a minor constituent. 
4.4.6 Weathering 
Lithologic diversity within the Waiareka Volcanics 
(bedded tuffs, breccias, dykes and sills) results ina variety 
of significant weathering processes. Volcanic composition is 
chiefly mafic, consequently the Formation contains unstable 
minerals which readily degrade, ultimately to clay predominantly 
Via chemical reaction {hydrolysis, oxididation alteration and 
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recrystallization) . 
The coarser grained igneous intrusives (Moeraki Sheet) 
generally break down more rapidly than their finer grained 
equivalents {dykes) ie.intergranular surface area increases 
with a decrease in grain-size hence more energy is required 
to disintegrate finer material (Birkland, 1980). Degradation 
of minerals such as biotite to clays causes expansion that 
eventually shatters intact rock into aggregates of coarse 
fragments. This type of mechanical disintegration induced by 
chemical weathering has formed shallow gradational regoliths 
over the intrusive Moeraki Sheet exposed in the west. In 
comparison, finer grained dykes weather slowly forming weather-
ing skins as chemical attack proceeds inward grain by grain. 
Chemical Weathering 
The transformation of primary minerals, such as feld-
spar, amphiboles and micas, found in unweathered rock, into 
silicate clays involves two processes; alteration and recrystal-
lization. 
Alteration 
Alteration occurs when soluble constituents are removed 
or substituted in crystal lattices by percolating solutions (via 
oxidation, hydrolysis). Once formed, alteration of 2:1 clays 
from one variety to another is expedited by relatively weak 
interlayer bonding and their structural similarity. 
Example: 
Illite + montmorillonite (smectite) by replacement 
of K+ with Mg 2 + (oxidation). 
Alteration of 2:1 clays to the 1:1 variety involves 
greater structural reorganization and is irreversible. 
Recrystallization 
Clay minerals may crystallize out within solutions 
containing certain ion concentrations, the type and genisis 
0 f mineral dependent on Si content, cation concentration and 
PH (Birkland, 1980). 
Mineralogy will continue changing via these two pro-
cesses until an assemblage in equilibrium with environmental 
conditions is reached (Fig. 4.17). 
Oxidation 
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Iron oxidation produces the distinctive reddish colour-
ing associated with weathered volcanics. 
Jointing 
Jointing, of secondary importance to weathering, is 
attributed to stress relief, freeze thaw action combined with 
slope movement and accelerates degradation by increasing the 
surface area exposed to chemical attack. 
Regolith Development 
Regoliths are characteristically reddish-brown in colour, 
sandy, shallow (generally <1.5 m) and relatively homogeneous 
with no distinct horizonal development. Bedrock-regolith 
interface is usually gradational, often becoming appreciably 
deeper along relict rock defects. 
Development is a long-term process controlled predom-
inantly by the rate of chemical weathering. 
4.4.7 Strength 
In-situ strength was not established for Waiareka 
Volcanic regoliths. Undrained strengths of remoulded over-
burden was determined by laboratory vaning·ostensibly for 
comparison with remoulded mudstone (Fig. 4.14). Relatively 
low clay content yields low cohesion with the majority of 
strength attributed to high internal friction developed within 
the sand fraction. 
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Fig.4.17: Schematic representation of general conditions 
for the formation of various silicate clays and 
oxides. In each case, genesis, is accompanied 
by removal of soluble elements such as K, Na, 
Ca, and Mg (Buckman and Brady, 1969, Fig.4.7). 
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4.5 SYNTHESIS OF LITHOLOGICAL CHARACTERIZATION 
Geotechnical testing has established the Hampden mud-
stone as a silty-clay containing abundant smectites (11% sand, 
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42% silt, 47% clay}. Compositional variation between unweath-
ered and weathered mudstone is negligible with the degree of 
variance reflected by mean deviation in the plot PI versus 
clay percentage (Fig. 4.18}. Regoliths are categorised "CH" 
according to the Unified Soil Classification System and 
described as "inorganic clays of high plasticity, fat clays" 
(refer to Fig. 4.19 for positioning on Casagrande plot, LL v PI). 
Mudstone progressively "softens" to a cohesive, plastic 
material, the properties of which relate to the clay mineral 
fraction (Fig. 4.20). Smectite, vermiculite, illite and 
kaolinite comprise the clay component which has a "normal 
activity" as defined by Skempton (1953) (Fig. 4.21). Softening 
of mudstone associated with water absorption causing increased 
strains plus elevated in-situ moisture content (30% to 40%), 
thus reducing strength and raising the mudstone susceptibility 
to slope failure (undrained softened strength about 1.5 t/m 2 
to 4 t/m2 ). 
In contrast, regoliths developed from the Waiareka 
Formation are shallower and sandy (38% sand, 36% silt, 26% 
clay) , the low clay content influencing geotechnical parameters 
(Fig. 4.20), in-situ moisture contents (about 15%) and strengths 
(sand causing high ~ but low c) . 
Based on limited geotechnical data volcanic regolith composi-
tion appears homogeneous • little mean deviation in the plot 
PI v clay % (Fig. 4.18). 
Utilizing the Unified Soil Classification System, vol-
canic regoliths are "CL" or "inorganic clays of low to medium 
plasticity"; Skempton categorises th~ clay fraction as 
"inactive 11 (Fig. 4.21). High permeability is not conducive 
to the development of excess pore pressures, consequently in 
spite of low cohesion, the regoliths are not susceptible to 
shallow slope ilure. 
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positioning 
and Volcanic regoliths (t} 
No Sand ' silt 'II Clay 'II Plastic Liquid Plasticity Shrinkage Linear 
Tested Limit Limit Index Limit Shrinkage 
-(PL'II) (LL'll) (PI) (SL\) (Ls\) 
HAMPDEN BLUE GREY 6 10 43 47 24 67 42 7.8 26.2 
FORMATION ~IUDS TONE 
REGOLITH/ 25 COLLWIUM 7 50 43 26 64 38 8.9 23.6 
HIGHLY 9 7 49 ORGANIC 44 36 76 40 
6 7.8 24.6 
-
.. 
-· 
. - . .. .. .. .. 
WAIAREKA REGOLITH 10 38 36 26 19 37 18 10.1 13.6 
FORMATION 
Fig.4.20: Summary of grain-size and consistency parameters for the 
Hampden and Waiareka Formations. 
CLASSIFICATION ACTIVITY GROUP COMMENT 
INACTIVE Apart from·Kayolin generally 
CLAYS <0.5 1 late-glacial or post glacial 
clays 
0.5+0.75 2 Clays derived from normal 
weathering 
NORMAL 
o. 75+1.25 Marine and esturine clays with CLAYS 3 predominance of illite 
ACTIVE 1.25+2,0 Contain appreciable organic CLAYS 4 colloids 
>2.0 5 Bentomitic clays 
Fig.4.21: Classification of clay fraction according 
to Skempton (1953). 
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4.6 ACTIVE PROCESSES 
4.6.1 Mass Movement 
Active mass movement, generally via slow cohesive 
deformation, occurs amidst both mudstone formations exposed 
in the east of Moeraki township jeopardizing housing and 
reading in places (Fig. 4.22). Current slope failure is 
principally attributed to progressive 11 Softening" of coherent 
mudstone resulting in: 
1) A reduction in permeability. 
2) A significant decrease in strength (increased 
strain lowering strength well below peak) . 
3) A rise in moisture content. 
The softening process is accelerated by increasing 
ground water pressures (levels). Many mudstone slopes prob-
ably exist in a meta-stable state, capable of failure should 
their threshold ultimately be exceeded by prolonged heavy 
rain or localised concentrated drainage. This is reflected 
by the significant rise in shallow failure over the last 
fifty years following the removal of vegetation, growing 
housing density, and introduction of a water scheme. 
Current active mass movement is classified into three 
main groups. 
Debris Flow Slides 
Debris flow slides comprise the bulk of active slope 
displacement occurring within the field area; they are often 
manifested as composite failure complexes affecting areas in 
the vicinity of 500 square metres. Instability commonly 
evolves as shallow (3 m to 4 m) lobe-shaped debris slides which 
upon downslope movement via plastic deformation, partially 
degrade and exhibit some flow behaviour. Slope failure is 
usually preceded by tension cracking concentric in plan and 
I . . 
concave toward the direction of movement. Salient slide 
morphology comprises a rafted block plus graben which reduces 
to hummocked topography of low relief accompanying flow move-
ment within the slide mass. 
Fig.4.22(a): Auyust 1981 
Fig . 4 . 2 2 (h): August 1982 
scale [ approx) 
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SHEAR ~~ 
ZONe:.~·· 
Fig.4.22(c): Incipient slope failure amidst Hampden mudstone 
damaging housing. Note broken window and buckled 
sliding door; continuing deformation will culminate 
in abrupt slope failure probably triggered by 
excessively heavy rainfall. (7800E,0450N) 
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Mudstone profiles consist of disaggragated coherent 
"blocks'', and thus are susceptible to shallow rotational, 
rather than translational, movement. Failure within low 
angled slopes results in greater horizontal movement for each 
unit of vertical offset in the centre portion of the slide 
than in the head region. Hence despite curved failure sur-
faces, movement is predominantly translational (Fig. 4.23). 
In contrast, failure of higher angled slopes is associated 
with more rotational displacement creating back tilted zones 
adjacent to principal escarpments. 
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Apart from raised ground water levels, wind blown, 
mature trees appear to weaken mudstone colluvium/regolith and 
facilitate shallow slides (Fig. 4.24). 
Creep 
Significant "en-masse" creep movement, potentially 
hazardous to housing and/or roading, occurs over the majority 
of mudstone slopes subject to periods of saturation. Movement 
produces a dynamic hummocked terrain of low relief associated 
with desiccation cracking and frequently responsible for tilting 
of surface structures (Fig. 4.25). 
Toppling 
Toppling failure is confined to steep, unvegetated 
coastal mudstone faces. Failure is sudden, preceded by deep 
tension cracking and produces a talus apron of colluvial debris 
as the cliff face retrogresses. 
4.6.2 Hydrology 
Hydrology within the study area is complicated by 
variable topography and the effects of "superimposed" slope 
failure. 
Moeraki township can be divided into two broad hydro-
logical regimes, based on lithology: 
l) An area to the east, comprising the Hampden and 
Kurinui Formations which is poorly drained, with 
numerous spring fed ponds. 
2) An area to the west based on the Waiareka Formation, 
well drained and with no permanent ponding. 
Fig.4.23(a): Typical mudstone 
regolith profile comprising 
disaggregated coherent "blocks". 
Prof iles usually lack continuous 
zones of significant weakness 
hence basal shear surfaces often 
propagate along a rotational 
arc; note oxidised yellow-brown 
relict joints (7550E,0300N). 
MINI MAL STRUCTURAL 
CONTROL OF BASAL 
SHEAR ?IANE 
Scale 
0 lm 
Failure predominant!~ 
via rotational 
movement I 
Fig.4 . 23 (b): Characteristic morphol ogy associated with fa i lure of 
high "and low angle mudstone slope s in t he fie l d area. 
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Fig.4.24: Wind blown trees accentuating devel opment of a shall ow 
debris slide. Looking north from 7000E,0350N. 
9.___....__ _ _.~ m 
Scale 
Fig . 4.25: Severe housing 
foundation damage attributed 
to mass "creep" deformation . 
(7050E,0250N). 
0 2m 
Scale 
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Ground water flow is recharged by rainfall via "over-
land flow" and "through flow",·the mechanisms of which are 
reviewed and compared for both regimes (Fig.4.26). 
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Overland flow refers to flow physically over a hillslope 
and occurs either when material is saturated or its infiltration 
rate is exceeded. 
Permeability of weathered mudstone, exposed in the east, 
is increased by non-systematic jointing. Upon heavy rainfall, 
swelling clays absorb water closing fissures, thus creating a 
comparatively impervious surface which promotes overland flow. 
In contrast, volcanic regoliths disclosed to the west 
are sandy, contain little clay and are permeable so overland 
flow is rare, only occurring during intense rainfall exceeding 
regolith infiltration rates. 
Through flow refers to water diverted laterally within 
a material and can occur amidst any permeable zone or above 
any impermeable interface; it is normally unsaturated flow 
except near a flowing stream and at the base of each perm-
eable horizon (Carson and Kirkby, 1972). 
Mudstone profiles contain horizons of varying permea-
bility producing complex through flow patterns. Softened, 
impermeable layers if relatively continuous, may result in 
perched water tables or confine more previous zones, leading 
to the development of excess pore pressures. Horizons high 
in organic content (paleosols, swamps) are generally more 
permeable than ubiquitous regolith/colluvium and can act as 
aquifers within the profile. Through flow decreases with depth 
as jointing becomes less frequent and overburden pressures increase. 
Waiareka Formation regoliths a~e comparatively homogen-
eous with through flow unimpeded and expedited by their sandy 
texture. Flow amidst unweathered intrusive volcanic material 
is concentrated along jointing and thus decreases with depth. 
Through flow in both hydrological regimes is complicated 
by dykes which channel ground water (via jointing) and/or 
f f 
Rainfall 
I 
Runoff 
Stream flow 
/ 
---
Fig. 4.26: Schematic components in near-surface hydrologic balance 
(from Carson and Kirky, 1972, Fig.3.ll) 
Fig. 4.27: Hypothetical schematic graben structure and inferred 
groundwater flow patterns which facilitate swamp 
development. 
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provide impermeable barriers concentrating flow around their 
margins. 
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Ponding within the mudstone formations is predominantly 
attributed to overland flow draining higher relief, concentrat-
ing within depressions. The two areas of significant ponding 
in the field area, are both in the Davids Road region and 
developed in graben structures formed by slope failure. These 
downfaulted "blocks" form ideal surface runoff catchments and 
alter ground water patterns, facilitating ponding (Fig. 4.27). 
4.6.3 Coastal Erosion 
Wave action together with fluctuating water levels are 
resulting in active coastal erosion along the northern coast-
line of Moeraki Peninsula. Wave induced erosion is dynamic, 
changing with time and dependent on: 
- wave climate (wind velocity, duration and 
direction) 
- nearshore and offshore bathymetry 
- shore orientation 
- water level 
and lithology of coastline. 
Outcropping igneous rocks form resistant headlands, 
restricting longshore current and erosion is principally from 
buffeting wave action. Alternating water levels have an 
indirect effect by accelerating mudstone slaking, thus the 
onset of localised slope failure. 
Waves entering the nearshore zone will be slowed, 
shortened and steepened, as they move into shallow water 
(process known as shoaling) . Waves arriving at an angle are 
bent or refracted towards alignment with the underwater con-
tours. Quantitative procedures using these parameters can 
be used to evaluate wave energy plus erosion rate, however 
they involve extensive field calibration and only give a 
probabalistic result hence were not attempted. 
Coastline comparisons made from vertical aerial photo-
graphy reveal minimal coastal retreat between 1947 and 1978. 
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Benson (1946b) describes severe coastal erosion to the 
west of Tawitiatauka Point between 1860 and 1945 (Millers 
Bay). He notes, although in a very sheltered spot, wave 
action has cut back low mudstone cliffs at the rate of a few 
feet per year so the 1945 coastline is not only a hundred 
yards inland of its position in 1860 but is nearly fifty yards 
inland of the railway embankments former position, built in 
1876. 
However, comparison of the 1863 survey plan with a 1982 
precisely scaled vertical aerial photograph indicates no net 
regression over the last 120 years, inferring the coastline 
has equilibrated with tide and wave action (Tonkin and Taylor, 
1982). 
Low mudstone coastal batters are "actively" degraded 
via composite debris flow-slide features induced by inadequate 
drainage plus wave buffeting. Higher mudstone cliffs erode 
predominantly by "toppling" failure and accumulate extensive 
aprons of talus debris (Fig. 4.28). 
Slope colluvium is perpetually removed by offshore 
currents to maintain the constant coastline profile; rudi-
mentary remedial co~struction attempting to alter "equilibrium 
profile" has invariably failed (Fig.4.29). 
Fig . 4.28 : Retrogression of steep ~~~~~ 
Kurinui mudstone cliffs princi-
pally via "toppling" failure 
amassing talus colluvium. 
Looking east from 6950E,0400N. 
Fig . 4 . 29: Remedial sea-walls have proven ineffectual in preventing 
retrogression of the peninsula's northern coastline to 
"equilibrium profile" . Viewing west from 7700E,OSOON. 
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CHAPTER FIVE 
STABILITY INVESTIGATIONS 
5.1 INTRODUCTION 
Comprehensive investigations on slope instability 
were carried out in two areas where active failure is causing 
extensive damage to roading and jeopardizing housing; regions 
chosen for study were the Motor Camp and Davids Road areas. 
Detailed research on shallow slope failure for both 
districts is described under sections on piezometric monitor-
ing, surveying plus stability assessment, with collated data 
used as a basis to suggest remedial options which will mini-
mise hazardous slope deformation. Consideration of this 
chapter should be made in conjunction with cross-sections and 
survey plans within the map enclosure. 
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5. 2 MOTOR CAMP AREA 
5.2.1 Introduction 
The Motor Camp Area is located within the Eastern Slide 
complex and refers to that zone formed by a deep-seated 
stabilized translational slide (Motor Camp Slide, Fig. 3.10). 
The region extends from the Peninsula's northern coastline 
280m southward encompassing an area of approximately 4.3 x 10 4 
square metres. Bedrock geology comprises homogeneous Hampden 
mudstone exposed along the shore platform in the north and 
within major escarpments to the south. There is no evidence 
of faulting or folding in the vicinity which could influence 
slope instability. 
Two fundamental morphological regimes are recognized: 
l) A principal escarpment; delineating the region 
of concern. 
2) A stabilized slide mass; forming the bulk of the 
Motor Camp Area. (Fig.5.l) 
Principal Escarpment 
A semi-circular escarpment, partially degraded and 
varying in height (5 m to 20 m) encloses the Motor Camp area. 
The escarpment, developed within incompetent mudstones, has 
a steep, salient, southern section eroded by debris flow-
slides accumulating talus aprons of colluvium with the most 
active of these slides retrogressing and encroaching onto the 
local school domain. The principal scarp's eastern lateral 
margin has a low subdued relief (<10 m) and is cloaked in 
den9e vegetation cover (conifers). Morphology of the western 
escarpment section is extensively altered to facilitate Motor 
Camp accommodation however the original trend can still be 
discerned. (Fig. 5. 2) 
Localised temporary surface ru.noff ponding occurs in 
deflated areas but does not significantly affect instability. 
' 
scale r OPRfOX l 
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Fig. 5.1: Oblique view of the Motor Camp area principal escarpment 
and slide mass. Looking south f rom 7800E,0600N. 
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Fig. 5.2 Extensive regrading of the Motor Camp Slide's western 
lateral escarpment to form "benches" enabling the 
construction of additional cottages. Note original 
trend of the principal scarp is easily discerned 
(dashed line). Looking west from 7600E,0400N. 
Photograph: Mr P. Kedsley (dated about 1940's) 
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slide Mass 
The slide mass encompassed within the principal escarp-
ment ostensibly consists of a· triangular area with gentle 
relief (<5 m) gradually sloping down to the peninsula's 
northern coastline. Natural topography has been considerably 
modified by re-levelling to create a series of benches in the 
central region enabling construction of Motor Camp cottages 
(Fig. 5.1). 
Haven Street runs parallel to and 40 m inland of the 
northern coastline; in plan, dividing the area into two 
unequal sections .. The street actively subsides along well 
defined shear boundaries creating a traffic hazard and requires 
annual repairs (Fig. 5.3, 5.4). 
Drainage of excess water from all Motor Camp housing 
is concentrated behind Haven Street in the lower mid-section 
of the slide mass. Water is channelled into a slotted P.V.C. 
culvert which allows dissipation of drainage into reading 
substrate (Fig. 5.5). During summer months when Motor Camp 
accommodation is full, massive quantities of water are con-
centrated in this zone causing frequent pending adjacent to 
the downhill slide of Haven Street. 
Geomorphology 
Detailed investigations described in this chapter per-
tain to shallow slope instability affecting reading and/or 
housing, hence only surficial geomorphology relating to this 
contingency is discussed in this section (ie. for information 
on the deep-seated Moeraki Slide refer to Chapter Three) . 
Four shallow boreholes (<7 m) forming a line, in plan 
view, down the centre of the slide mass were augered into 
Hampden mudstone to obtain subsurface data (refer to map 
enclosure, engineering geology maps for borehole locations). 
Slide mass, overburden mantle, has a confused stratigraphy 
comprised of regolith plus colluvium horizons varying in 
Weathering intensity and organic content. 
Subsurface data for individual auger holes is outlined 
in Appendix 7 and presented with geomorphological interpretation 
-- ---- ~~ ----~-----~  
Fig.5.3: Haven Street, depicting significant and well defi ned 
(dashed) subsidence which poses a t raffic hazard and 
requires annual repairs. Looking east from 7500E,0450N. 
Fig.5.4: Prominent shear 
zone propagating across 
Haven Street. Viewing 
south from 7550E,0450N. 
Scale 
0 2m 
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Fig.S.S(a): Culvert (PVC) amidst chaotic gravel- clay reading 
substrate; note previous subsided road levels . 
Viewing north from 7550E,0450N. 
Fig . S.S(b): Portraying the extent of gravel "drain" channelling 
Motor Camp effluent into Haven Street culvert. 
Looking east from 7500E,0450N. 
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on a surveyed profile of the Motor Camp area, scale 1:100 
(refer map enclosure) . 
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A sharp basal boundary between oxidised yellow-brown 
regolith/colluvium and blue-grey mudstone can be traced from 
the coast uphill (dip 5°) 200 m to the south (via boreholes 2, 
3 and P1 ), and is assumed to depict a relict ground water table 
(refer Chapter Four, section 4.3.6). Information from auger 
hole 1, neighbouring the southern escarpment, showed no sign 
of the inferred projected boundary, but instead comprised a 
sequence of colluvial/organic horizons. The anomalous 
absence of this continuing bedrock-overburden margin is 
ascribed to a graben structure associated with the Motor Camp 
Slide. Based on stereoscopic analyses (1947 aerial survey) 
an extensive slope failure eroded the Motor Camp Slide's 
principal escarpment in the southwest and colluvial debris 
associated with this failure produced a hummocked topography 
over the southern region of the Motor Camp Slide mass. Utiliz-
ing this information to interpret auger hole profiles (1, 3 
and P1 ) it seems the cryptic succession of organic horizons 
represent paleosols delineating the extent of failed debris 
(refer map enclosure, surveyed Motor Camp Area cross-section). 
Unfortunately no carbon dating which may have determined 
absolute ages of shallow mass movement was possible. 
Comparison of aerial surveys (1947, 1978) confirms that 
active slope degradation has intensified over the last thirty 
years, remaining unchecked in some parts by ineffectual 
remedial measures. 
5.2.2 Ground Water Monitoring 
Introduction 
Piezometers are devices which measure changes in pore 
pressures at specific horizons within the profile and were 
utilized in the Motor Camp Area to monitor ground water. They 
vary in sophistication, but esentially are sealed tubes of 
small diameter, extending from ground surface to pertinent 
horizons, in which the water level or pressure can be observed. 
Principal aims of piezometric monitoring in the Motor 
camp Area were: 
1) To establish seasonal ground water fluctuations 
within the mudstone regolith. 
2) To determine if artesian pore pressures exist 
within paleosol horizons. 
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To achieve this a simple open ended design was adopted, 
since 
1) Permeability of the material in which they are 
installed was estimated as sufficient for an ade-
quate response time using this type of device. 
2) The design was inexpensive and easy to construct. 
Two piezometers, constructed of P.V.C. conduit (12 mm) 
were installed .at relevant horizons down a borehole located 
in the centre of the Motor Camp Area. To ensure measurement 
of pore pressure at the required level each piezometer was 
sealed by bentonite and/or cement aggregate mix (refer 
Appendix 8 for construction details). Positive pressures 
were recorded by measuring maximum piezometric head (water 
level) using a well depth indicator; a probe was lowered down 
each conduit tube which upon immersion in water completed a 
circuit causing deflection of an amp meter. Piezometric head 
was then calculated from the distance the probe was lowered 
immediately prior to deflection. 
Results 
Two horizons were monitored: 
1) A narrow zone corresponding to a saturated 
paleosol (depth 2 m to 2.5 m). 
2) A wide zone of regolith (depth 4 m to 6~5 m) 
on top of relatively unweathered mudstone 
(Fig. 5.6). 
Both horizons monitored were equivalent in all 20 piezo-
metric head readings taken. The highest water level was recorded 
during August 1981 at 31 em below ground surface, the lowest 
in September 1982 at 60 em below the surface (refer to Appendix a) 
Scale 
piezometer 
conduits 
\ \ I 
.r/', 'I 
I I , 1 
' I ... 
... I ' 
light reddish-brown 
colluvium 
paleosol 
light reddish-brown 
regolith 
~//)\~~ %'0;~ ~~~7 blue-grey fractured 
/// mudstone 
0 lm 
Fig. 5.6: Schematic representation of regolith/colluvium horizons 
monitored in the Motor Camp area. Refer to appendix 7 
for comprehensive borehole log (P1). Location 7500E,0400N. 
124 
125 
Conclusions 
The monitoring period from August 1981 to August 1982 
was sufficient but the number of recordings provided an 
inadequate data base to establish seasonal ground water fluc-
tuations. The three months of relatively continuous records 
(August, October 1981 and September 1982) were correlated with 
daily rainfall and two tentative conclusions drawn: 
1) No artesian pressure appears to exist within 
the paleosol horizon. 
2) A time lag of six to seven days exists between 
heavy rainfall and observable increased ground 
water pressures; speculatively attributed to the 
response time for the monitoring device. Trans-
ient excess pore pressures may have significantly 
changed during this period hence the magnitudes 
recorded should not be used in effective stress 
stability analyses. 
5.2.3 Surveying 
Introduction 
A survey network was established over the Motor Camp 
Area with principal aims of: 
1) Ascertaining activity of the deep-seated trans-
lational slide on which the Motor Camp is based. 
2) Delineating relatively active regions within the 
area plus their rates of movement. 
3) Providing further insight into the mechanisms and 
modes of instability affecting the area. 
The system, comprising 21 points in total, is "tied" 
into the regional network (Geodetic Datum 1949) to establish 
if points assumed "stable" beyond the salient boundaries of 
shallow instability are in actuality moving via deep-seated 
deformation. 
The Motor Camp network consists of four "control" points 
outside the limits of active slope failure with four "base" 
points, in plan, down the slide mass central region and lines 
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of subsidiary 11 monitoring 11 points across the coastal district 
plus southern escarpment (refer map enclosure, plan of Motor 
camp Area survey network) . 
Bench marks are in public a~eas hence concealed below 
ground level to avoid disturbance. Control points were con-
structed of galvanised pipe in 1.8 m lengths and surrounded 
by concrete to a minimum depth of 2.0 m (designed to avoid 
seasonal creep movement). Base points consist of metal pipes 
set within a bowl of concrete to a depth of not less than 
80 em. Subsidiary monitoring points comprise short lengths 
of galvanised conduit hammered below ground surface and con-
sealed with turf mats (Fig. 5.7, 5.8). 
Nine surveys were completed over a period of one year 
from August 1981 to August 1982. Initial and final measure-
ments were taken with the assistance of Mr A. Greig and 
J. Hermann using a Wild T2 theodolite plus Wild DI3 -distomat, 
the intervening surveys using a Wild T6 theodoliie in conjunc-
tion with DI3 distomat. Measurements of horizontal survey 
point displacement involved alignment of theodolite in combin-
ation with distomat over each of the four 11 base 11 points A, B, 
C, and D, then distances plus appropriate angles (three full 
sets; left and right face) were observed to 11 control 11 and 
pertinent 11 monitoring 11 points (refer Appendix 9 for detailed· 
methodology). Based on equipment used a maximum survey 
uncertainty of ±1 em is assumed. 
Results 
Total measured movement for all base and monitoring 
points is drawn in ve'ctor form on the Motor Camp survey plan 
(refer map enclosure). 
Results highlight two relatively active zones: 
1) A debris flow slide eroding the southern escarp-
ment containing monitoring point A2 , exhibiting 
movement in the order of 24 em per year (denoted 
the School Slip) . 
2) A coastal domain slide to the north of and including 
Haven Street, incorporating points D, D1 , o2 and c2 
1..-----so em ----.1 
klk~,$~,$w~J' 
w r (i 60 em 
u 
BASE POINTS 
CONTROL POINTS 
MONITORING POll'{]"$ 
NOTE : All dimensions 
are minimums 
Fig.5.7: Construction details for benchmarks utilized in 
survey network. 
Fig .5.8: concealed 
"base" point C, 
Motor Camp area 
survey network. 
(7550E,0400N) 
Scale 
0 10 em 
1 27 
exhibiting movement rates in the order of 5 em 
to 15 em per year. 
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No "control" point displacement was observed and the 
central region embracing points A, B, B1 and C appears compar-
atively stable with total surveyed movement in the order of 
2 ern to 4 em per year. 
Conclusions 
Trends of measured survey displacement with respect to, 
rainfall are inferred for the three areas. Movement of the 
relatively "stable" central region shows a marked increase 
during February and March (1982) following a period of inact-
ivity (December 1981, January 1982) (Fig.5.9) ~ Displacement 
is ascribed to surficial "creep'', the acceleration of which 
is probably in response to raised ground water levels furnished 
by heavy rainfall over the preceding two months (December 1981, 
January 1982). During summer, evaporation is significantly 
higher and thus prolonged rainfall is necessary to raise ground 
water levels. In contrast, throughout the winter months (June, 
July, August), evaporation is low with less precipitation 
needed to increase subsurface water tables and so trigger 
movement. This may account for displacements during months 
of low rainfall from August to November 1981, inclusive. 
The comparatively active School Slip exhibits the same 
general trends and displacement is probably via ''drained" 
failure in reaction to ground water table fluctuation (Fig. 
5.10). Accelerated movements during April to August 1982 are 
most likely the result of drainage from the local school's 
septic tank pouring effluent into the failure's principal 
escarpment. 
Instability of the domain region is analogous to base 
points A, B, and C except during December 1981 and January 1982 
When displacement rates increase (Fig. 5.11). Accelerated 
movement is not preceded by months of heavy rainfall and for 
this reason chiefly attributed to inefficient drainage from 
Motor Camp accommodation via the centrally located Haven 
Street culvert. 
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In summary, high ground water levels accelerate slope 
movement in the area. There are two distinct 11 active" zones 
of displacement within the region, each apparently controlled 
by separate phenomena and unrelated to deep-seated failure. 
The Moeraki Slide mass is tenatively considered stabilized 
but exhibits seasonal creep movement. 
5.2.4 Stability Assessment 
Introduction 
Slope stability and the relative effects of various 
remedial measures are assessed using numerical analyses. The 
degree of safety against ultimate failure is usually expressed 
in terms of a Factor of Safety. 
F = Tf/T 
where F = Factor of Safety, Tf = shear strength along some 
shear surface, T = equilibrium shear stress along the same 
shear surface. 
In general, the purpose of analysis is to obtain the 
minimum value for F, a given set of parameters. Some 
important tacit assumptions made.prior to analysis are: 
1) The concept of "limiting equilibrium" is invoked. 
At the moment of incipient failure every point 
along the rupture {shear) surface, whether circular 
or noncircular, simultaneously attains the maximum 
{inputed) strength. This is equivalent to assuming 
that the stress-strain curve of the material acts 
as a "rigid plastic" and the actual stress-strain 
relationship does not enter into the method of 
analysis (Lo, 1972). 
A state of limiting equilibrium exists when 
T = Tf/F or F = 1. 
2} The undrained or drained strengths used in analysis 
are 11 isotropic'', . independent of the direction of 
applied stresses or plane of rupture (Lo, 1972). 
3) Three dimensional effects are not incorporated. 
Analyses only consider stresses on one vertical 
cross section through the slope. 
4) Factor of Safety is assumed uniform along the 
entire slip surface. 
Conventional computations of instability are divided 
into two general categories: 
1) Short term assessment, where no drainage is 
assumed to occur (inputed strength evaluated 
by total stress parameters). 
2) Long term assessment, where 'time allows drainage 
and the subsequent equilibration of pore pressures 
(inputed strength assessed in terms of effective 
stress parameters). 
If surface profiles or stratigraphy are irregular, 
stability is' usually evaluated numerically by a method of 
slices. Each method divides the sliding body into a number 
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of vertical slices with the equilibrium of each individual 
slice considered separately; the main difference between meth-
ods being assumptions made on inter-slice forces. 
Analyses of slope failures in the field area were carried 
out on computer using Janbu's (1973) Generalised Procedures of 
Slices, assuming: 
1) Plane strain conditions apply. 
2) Equilibrium shear stress along the shear surface 
is given by the equation 
3) 
4) 
T = Tf/F 
The total resultant L1N is assumed to cut where 
L1W = L1W + qL1x + L1P intersects the base (Fig. 5. 12) . 
Positioning of the thrust line for the total side 
force E is assumed to be known. 
NOTE: Investigations reveal changing thrust line 
position over wide margins has insignificant effects 
on the computed Factor of Safety (Janbu, 1973) . 
0 ~~-----------------------------------~-----9 
Boundary forces: 
E.Tti at x= a 
E;1bat x~ b 
p 
Line of thrust !~.y,) 
Shear surface (x.ri Jl 
Fig.5.12a: Definitions and notations used for 
the Generalised Procedure of Slices 
(Janbu, 1973, Fig.lB). 
---.....--.- Jl = 0 
Yr 
y 
h, 
Fig.5.12b: Forces acting on the boundaries of 
a single slice (Janbu, 1973, Fig.l9) 
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Assumptions made on field conditions for ·long·-term 
stability assessment are: 
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1) Drained conditions exist throughout the slope 
profile (strength evaluated in terms of effective 
strength parameters) . A hypothesis supported by 
survey data, ie. movement occurs months after heavy 
rain. 
2) No confined zones of high pore pressure are present, 
ie. water table is equivalent to the phreatic 
surface. 
Permeability is assumed isotropic with steady seep-
age parallel to ground surface and pore pressures 
are derived from a simple orthagonal flow net. 
Effects of forces exerted by water flowing through 
overburden are not considered. 
These simplistic assumptions are necessary due to the 
lack of reliable field pore pressure measurement. 
Skempton (1977) noted negative pore pressures within 
the fissured London clay may take in excess of 50 years to 
equilibrate following excavation. However these conclusions 
were based on deeper-seated instability where permeability 
was decreased by high effective normal pressures closing 
mudstone defects. The shallow Hampden regolith/colluvium failures 
occur in zones where secondary permeability (attributed to 
fracturing) is high (fissures open), and accentuated by organic 
"aquifer" horizons, thus the limiting conclusion is not con-
sidered applicable. 
More accurate information for stability analyses regard-
ing pore pressure magnitude would mean long term monitoring 
using expensive sensitive piezometers and is probably unwarranted. 
Therefore, although the assumptions made are felt real-
istic, it must be noted stability analyses show "relative" 
rather than absolute effect~ on stability for changing ground 
water conditions. 
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Domain Slide 
The coastal domain region comprises an ill-defined zone 
imperceptibly moving seaward, possibly associated with well 
delineated subsidence of Haven Street. Survey data implies 
displacement is triggered by localised high ground water 
levels adjacent to a Haven Street culvert. 
Stereoscopic analyses of aerial photography plus the 
lack of salient mass movement morphology imply incipient 
slope failure. Skempton (1964) and Bjerrum (1967) note first 
time slides in over-consolidated clays, such as the Hampden 
Formation, are generally associated with 11 fully softened 11 
strength. For this reason, effective stress parameters to 
utilize in stability analyses were determined for 11 Softened 11 
Hampden mudstone. Strength was evaluated by undrained triaxial 
testing on samples taken in the immediate vicinity of a shear 
zone and thus assumed 11 fully softened 11 (refer to section 4.3.7). 
Two interpretations of test results are plausible: 
~· = 17° with c' = 8 kPa 
or ~· = 18° with c' = 0 
Variations in the degree of softening within mudstone 
means some parts undoubtedly retain limited effective cohesion 
(developed by over-consolidation) ; should this be released both 
strength parameters c' and ~· for the material would be reduced 
(~' from associated increase in strain). Deviation in triaxial 
test results could reflect incomplete softening of material ana-
lysed and for this reason ~· and c' may not represent 11 fully 
softened., strength for the Hampden Formation. 
A surveyed profile of the coastal region was drawn, 
divided into eight segments and analysed by computer based on 
the following assumptions: 
1) The failure zone propagated along the saturated 
boundary between yellow-brown regolith and 
blue-grey mudstone (refer Appendix 7, auger hole 3). 
2) Assuming the preceding assumptions on conditions 
of failure (p.l35) the worst ground water conditions 
prevailed (almost total saturation) . 
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3) Effective stress parameters were ¢' = 18° and 
c' = 0; based on Skempton's (1970, 1977) conclu-
sion cohesion is zero at "fully softened" strength 
(refer section 4.3.7). 
The resultant Factor of Safety was 1.84 inferring a 
stable slope, which is inconsistent with survey and field 
observation of displacement during periods of ground satur-
ation (Fig. 5.13). 
To verify the validity of effective stress parameters 
(¢' = 18°, c' = 0), they were subsequently utilized to analyse 
a well exposed "active" slope failure whose basal shear zone 
could accurately be inferred. 
A large debris flow-slide degrading the northern coast-
line within the Davids Road area was chosen (~ig. 5.14). A 
surveyed profile, including the slip's likely failure surface, 
was compiled and divided into seven sections for computer 
analysis (Fig. 5.15). Given that ¢' = 18°, c' = 0, and the 
worst ground water conditions prevailed, the computed Factor 
of Safety was 1.26. 
Strength parameters required for movement to occur (F=l) 
under identical ground water conditions arec ¢' = 13°, c' = 0 
(found by iteration). The appreciably lower ¢' value may 
indicate: 
1) Excess pore pressures develop as a result of 
shear displacement. Triaxial testing of rego-
lith caused initial dilatancy and resultant 
negative pore pressures within the sample which 
were followed by significant excess pressures 
developing prior to failure. By analogy, if 
displacement within the landslides shear zone 
was sufficiently rapid, to prevent drainage via 
ambient softened mudstone, transient excess 
pressures may develop along the zone of shear 
and account for the low backcalculated ¢ value~ 
ZCNE OF 
HAVEN STREET 
--------=-
3 4 
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scale 
0 4m 
Fig. 5.13 Surveyed profile of Domain Slide, Motor Camp area; note active coastal instability 
(cross-hatched zone) providedminimalbutress support hence was not included in 
computation. Limit equilibrium analysis of the incipient failure utilizing the 
marked phreatic surface and strength parameters of ¢'=18°,c'=O gave a Factor of 
Safety equal to 1.84 (7550E,0450N). 
I-' 
w 
co 
Fig.5.14: Oblique view, coastal debris flow-slide, well delineated by 
prominent escarpment (dashed); note well exposed basal shear 
plane facilitating accurate inference of subsurface failure 
geometry. Cross- sectioned denoted X-Y. Looking southwest from 
7300E,0450N. 
Fig.5.15: Surveyed profile (X-Y), coastal debris flow-slide; divided 
into seven segments for computer analyses which utilized 
two subsurface water table levels (marked V) (7250E,0350N) 
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Strength Phreatic Factor of 
parameters Surface Safety 
¢'=13, c' =0 a 1.03 
¢'=13, c' =0 b l. 23 
2) An increased slope surcharge from an abrupt rise 
in ground water levels could create temporary 
high pore pressures within the slide mass shear 
zone. 
3) Salient morphology clearly indicates the slide 
has been moving for sufficient time to define 
a discrete basal shear "zone" along which high 
strain may have adequately orientated particles 
such that ~· approaches the residual value. 
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Based on stability analyses results parameters~· = 13°, 
c' = 0 probably more closely approximate mudstone strength at 
failure than~· = 18°, c' = 0. 
Limit equilibrium computations yield relative rather 
than ''absolute" stability assessment. Hence, even if failure 
is undrained, once backcalculated parameters for slope move-
ment are known comparative effects of ground water fluctuations 
on stability can be appraised. 
Analyses show a drop of about 1 m in the water table 
would stabilize the debris flow-slide, assuming parameters of 
~· = 13° and c' = 0 (Fig. 5.15). 
The "active" coastal domain region, in the Motor Camp 
area, was then re-analysed, based on original assumptions 
pertaining to conditions of failure (p.l36) but utilizing 
effective stress parameters of ~· = 13°, c' = 0. The calcu-
lated Factor of Safety was 1.28, again inconsistent with field 
and survey observation of instability. 
However when divided and analysed individually as sep-
arate "sections", assuming the same conditions (ground satur-
ation, ~· = 13°, c' = 0), a plausible mechanism of slope 
failure emerges. (Fig. 5.16). 
Section one 
Section two 
Section three 
Entire coastal domain region 
Definitely unstable, F = 0.98 
Unstable F = 1.11 
Unstable 
Stable 
F = 1.07 
F = 1.28 
loomain Strength 
Section Parameter 
4 I¢' 18°,c' 0 
[_t• 13v,c' 0 
¢' lJO,c• 0 
3 I¢' 13°,c' 0 
~· l3v,c• 0 
~ 13o,c• 0 2 
cp_• l3°,c' 0 
~ 13°,c' 0 1 
_j_' 13o,c• 0 L 
Phreatic Factor 
surface Safety 
a 1.84 
a l. 23 
b 1.63 
a 1.07 
b 1.42 
a 1.11 
b 1.44 
a 0.98 
b 1.30 
of 
-
-
-
J 
MOTOR CAMP AREA DOMAIN REGION 
SECTION ONE 
Fig.5.16: Domain 
results 
removed 
rate sections d as four sepa . " with Region assesse . slope .fallure . . analyses; by limit equillbrlum pport being buttress su " ogressl ve t 
suggest pr . f Haven Stree . 
. g subsldence 9 causln 
downslope 
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Movement downslope of material encompassing section 
three (unstable at high ground water levels) would remove 
laterial support, ultimately resulting in subsidence of adja-
cent material higher upslope. The proposed mechanism accounts 
for field observation of horizontal displacement along the 
coast and subsidence of Haven Street. 
Note, relative stability of all sections would be 
achieved by a comparatively small drop in ground water levels 
(Fig. 5.16). 
Slope movement is advancing by "PROGRESSIVE FAILURE" 
of individual units which can be represented by a hypothetical 
four stage "model" (Fig. 5.17). 
STAGE I 
STAGE II and III 
STAGE IV 
LOCAL FAILURE Induced principally by lack 
of buttress support (coastal erosion) plus 
high pore pressures. 
PROGRESSIVE FAILURE Zone of movement 
retrogressing due to removal of lateral 
support; triggered by high ground water 
levels. 
"EN-MASSE" FAILURE Development of an 
upslope graben structure and movement 
of the entire slide mass as one unit. 
The preceding analyses highlight the inherent dangers 
of limit equilibrium methods in slope stability assessment of 
over-consolidated materials subject to strain softening ie. 
the slide when analysed as a whole is apparently stable yet 
anomalously in the field obviously unstable. 
The following intrinsic analysis assumptions prove 
invalid for strain softening materials: 
1) The concept of limiting equilibrium is not 
invoked ie. stress-strain relationships do 
affect analysis. 
2) ·rhe resultant Factor of Safety is not uniform 
along the entire slipe surface. 
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Fig.5.17: l for "progressive" 
. 1 schematic four stag~ m~d: strain softening Hypothetlca . h' over-consollda e 
slope failure Wlt ln 
clay sediments. 
144 
The concept of "progressive slope failure" was origin-
ally developed to explain the peculiarity of first time slides 
within over-consolidated clays occurring well below peak 
strength {Skempton, 1964; Bjerrurn, 1967). The theory was 
extended to "soft clays" by Lo {1972) who defined the phen-
omenon as "the process of successive failure of individual 
elements in a soil mass; requiring space and 
time to occur." 
A mathematical model accounting for the phenomenon was 
developed by Bjerrum ( 196 7) , and is presented in Appendix 10. 
School Sl 
The School Slip is a slow moving cohesive debris flow-
slide whose displacement is principally attributed to concen-
tration of septic tank drainage (Fig. 5.18}. 
Effluent pours directly into the slip's principal 
escarpment having a two fold effect: 
1) Increasing local ground water levels causing 
slip movement to be more rainfall responsive. 
ie. less precipitation necessary to exceed the 
threshold required to initiate movement. 
2) Lowering shear strength in the escarpment 
vicinity ilitating retrogression of the 
failure into school grounds. 
Salient morphology indicates the slide has been moving 
for sufficient time to establish a discrete basal rupture 11 zone 11 
hence parameters initially utilized for stability computations 
are founded on analyses of the Davids Road area coastal slide 
0 { <P I = 13 1 C I =::: 0) • 
A surveyed profile of the School Slip was compiled 
including the most probable failure surface and the slide 
divided into eight segments for computer analyses. 
Assuming the original assumptions made on conditions 
lure are valid (p.l35), the Factor Safety was calculated 
for two low ground water tables; both implied the slope unstable 
. 5.19). 
-· --........ -----.,_. ________ ---------- ---- _f). 
. -?..~---f 
--
y 
. scale [O£~ox l Q I 
Fig. 5.18: School Slip delineating by salient escarpment actively 
retrogressing into the playground area. Surveyed 
profile marked X- Y. Viewing east from 7500E,0300N. 
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Str~ngth 
Parameters 
Phreatic 
Surface 
Factor 
Safety 
of 
cp I =13 a 
b 
a 
b 
0.60 
0.79 
0.90 
1.11 
Fig.5.19: Surveyed profile of the School Slip (X-Y). Limit equilibrium analyses utilizing 
parameters ¢'=18°,c'=O for both phreatic surfaces marked appear to best "model" 
in-situ behaviour as determined from survey data (7550E,0300N). 
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Field observation indicated higher ground water tables 
were necessary to initiate fai~ure, hence the slide was 
re-analysed utilizing "softened" mudstone parameters of c1> 1 = 18°, 
C I = 0 • 
Subsequent effective stress analyses implied almost 
total ground saturation was required to initiate movement with 
a drop of about 1 m in subsurface water levels necessary to 
attain stability. 
Two conclusions are drawn: 
1) Stability analyses incorporating strength para-
o 
meters for softened Hampden mudstone (cj> 1 = 18 , 
cr = 0) "model" field behaviour of the School 
Slip more realistically than utilizing values 
approaching residual strength (cj> 1 = 13°, c 1 = 0). 
Thus strain over "principal rupture surfaces" 
may not have sufficiently orientated particles 
below the "fully softened" strength. 
2) Bearing in mind computations reflect relative 
slope activity, stability would most likely be 
restored by a lowering of ground water levels 
in the order of 1 m. 
5.2.5 Remedial Options 
The principal aim of remedial design for the Motor 
Camp area is lowering of ground water levels. Regrading of 
morphology to reduce driving forces and create buttressing 
support is of minor importance since field evidence clearly 
demonstrates slides mobilize at extremely low angles in 
saturated ground (Domain Slide, School Slip). 
1) Drainage concentrating water at the crest of any 
slope (stable or unstable) should be avoided. 
2) A dense cover of shrub vegetation is recommended 
for currently active shallow failures (School 
Slip, coastal batter slope) to minimise seasonal 
ground water fluctuations and increase surficial 
overburden strength. 
3) Drainage of the school's septic tank via clay 
tile conduit should be relocated,channelling 
effluent well clear from the School Slips 
principal escarpment. 
4) The Haven Street culvert should furnishacontin-
uous, unimpeded channel for Motor Camp drainage 
through the domain area to the coast. Two or 
three horizontal drains parallel to the culvert, 
extending 10 m to 15 m back from the coastal 
batter would encourage lower ground water levels. 
ie. narrow l m to 2 m deep trenches, containing 
perferated flexible P.V.C. tubing
1
backfilled with 
permeable sand/pebble aggregate. 
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5.3 DAVIDS ROAD AREA 
5.3.1 Introduction 
The Davids Road Area is located in the vicinity of the 
Davids Road Slide and refers to that triangular section extend-
ing east of Davids Road northward to the coast (refer map 
enclosure, engineering geology plans). The region extends 
from Tenby Street, 240 m to the south, including 130 m of 
shoreline and encompasses an area of 1.6 x 10 4 square metres. 
Bedrock geology is the homogeneous Hampden Formation, 
confined in exposure to the shore platform in the north and 
isolated outcrops within scarps to the south. A northeast-
southwest trending normal fault is situated west of the area 
but does not influence, hazardous, local, shallow mass move-
ment. No folding which could affect instability has been 
identified within the Hampden mudstones. 
Three rudimentary morphologic regimes are recognized: 
1) A head region; well delineated, of relatively 
high elevation. 
2) A coastal zone; sharply bound and narrow. 
3) A coastal tract; ill-defined and with low elevation. 
(Fig. 5.20) 
Head Region 
The head region, situated in the south of the area, 
comprises a distinctive eliptical escarpment, open to the 
north, varying in height (5 m to 15 m) and enclosing a trian-
gular area of subdued, undulatory, topography. Shallow 
instability degrades the escarpment, amassing talus margins 
of colluvium. 
Morphology provides an ideal catchment for precipitation 
runoff and the flat triangular district of land encompassed 
by the scarp is predominantly swampy and often ponded. 
Central Zone 
The central zone divides the Davids Road area into two 
equal parts of different elevation; an upper head region and 
further to the south, a lower coastal "tract". 
scale [ approx ] 
0 20m 
Fig . 5 . 20: Principal morphological regimes comprising the 
Davids Road area; note extent of active debris 
flow-slide eroding the "coastal tract" . Looking 
southeast from 7100E,0600N. 
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The central zone embodies Haven Street plus af liated 
batter slope; the batter of chaotic gravel-colluvial 11 
(height 10 m) uniformly slopes 30° to 25° facing north. 
Batter slope morphology is subdued, hummocked (relief <3 m) 
and partially masked in places by dense exotic shrub cover. 
' 
Haven Street is tarsealed and prone to sudden subsidence 
along well defined rupture (shear} zones, jeopardising traffic 
(Fig. 5.21, 5.22). Two twelve inch culverts channel drainage 
from the head region below Haven Street, emptying effluent onto 
the batter. Both drains are aligned with features in the head regioJ 
one a buried swamp in the east, the second with swampy ground toward 
the centre (refer map enclosure, engineering geology plans). 
Coastal "Tract" 
The coastal tract comprises an ill-defined area, essen-
tially horizontal and with little relief (<3 m), adjacent to the 
central zone and bound by a low coastal cliff to the north. 
The coastal slope is actively eroded by composite debris 
flow-slide features, the largest of which encroaches an area 
of about 500 square metres. 
A narrow district of permanently ponded water sts 
and neighbours the central zone. Originating in part from 
i 
rainfall runoff and in part spring fed, the pending is 
ineffectually drained by a shallow ditch extending to the 
coast; otherwise runoff draining higher relief results in 
temporary pending amidst gently deflated areas. 
Geomorphology 
Geomorphology cribed in this section only relates to 
shallow mass movement affecting housing and/or reading 
to section 3.6. for details of the deep-seated Davids Road 
Slide) • 
Subsurface information on overburden stratigraphy was 
collated from six bore ho (five auger, <8 m, one drill, 9 m) 
arranged in plan, to form a line through the centre of the 
area. Subsurface data plus geomorphological interpretation is 
presented on a surveyed pro le of the Davids Road area, scale 
1:100 (refer to map enclosure). Description of individual 
Fig.5.2l: Haven Street, Davids Road area depicting zone effected 
by well delineated batter slope failure (dashed) prone 
to abrupt subsidence. Viewing northwest from 7300E,0250N. 
Fig .5. 22: Rupture zone 
propagating through Haven 
Street defining batter 
failure (7250E,0250N). 
Scale 
0 lm 
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bore holes is outlined in Appendix 7. 
Profiles within the head region comprise thick sequences 
of successive paleosol/yellow-brown mudstone layers. These 
successions are interpreted as numerous debris failures which 
have eroded principal escarpments of the Davids Road Slide; 
hence the ostensibly triangular area of subdued relief in the 
head region on which Haven Street is based, comprises colluvial 
fill. 
Bore hole data from the lower coastal 11 tract 11 implies 
the presence of a buried graben structure adjacent to Haven 
Street, probably affiliated with the Davids Road Slide. The 
deflated zone, has subsequently been infilled with debris, 
but nevertheless most likely structurally governs the extent 
of overlying permanently impended water in its vicinity. 
It must be noted subsurface stratigraphy within regolith/ 
colluvium overburden has been confused by episodic slope fail-
ure and alternate plausible interpretations of bore hole data 
are likely. 
Active erosion in the area appears to have remained 
unimpeded over the last thirty years. Ineffectual remedial 
measures (road re-sealing, occasional new culverts) have 
failed to check continual subsidence of Haven Street. 
Extensive 11 active 11 erosion amidst the coastal slope is grad-
ually encroaching increasing amounts of land used for 
recreation purposes. 
5.3.2 Ground Water Monitoring 
Introduction 
Piezometers together with standpipes were installed at 
two locations in the Davids Road area to monitor ground water 
pressures. Piezometers record pore pressure at specific 
levels as compared to the simpler standpipe device which 
registers unconfined ground water pressure. 
Principal objectives of the first installation situated 
adjacent to the coast were: 
l) To establish seasonal ground water fluctuations 
within the mantle of yellow-brown mudstone 
regolith/colluvium. 
2} To ascertain if a thick sequence of organic 
detritus causes different flow regimes within 
mudstone regolith/colluvium. 
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To achieve this two horizons were monitored {Fig.5.23a). 
1) A thick organic horizon (0 m to 3 m depth) via a 
standpipe. 
2) A 1 m zone of yellow-brown mudstone (6 m to 7 m 
depth) via a piezometer. 
(Refer to Appendix 7 for detailed profile description). 
Main aims of the second installation, located above 
Haven Street within an active debris flow-slide were: 
5.23b). 
1) To establish seasonal fluctuations within three 
separate horizons in "actively moving" yellow-
brown mudstone colluvium. 
2) To determine if softened mudstone layers result 
in separate flow regimes and if so, their 
inter-relationship. 
To accomplish this, three horizons were observed (Fig. 
1) Yellow-brown fissured mudstone (0 m to 3 m depth) 
via a standpipe. 
2) Softened yellow-brown mudstone ( 3 • 1 m to 3 . 6 m 
depth) via a piezometer. 
3) Yellow-brown fissured mudstone ( 4 m to 4. 7 m) via 
a piezometer. 
(Refer to Appendix 7 for detailed prof~le description) . 
Piezometers were constructed of 19 nun P. V. C. conduit placed 
in augered holes then sealed to relevant depths by b~ntoni te and/or 
cement aggregate mix; standpipes within the same holes comprised 
Perforated 19 rnm conduit encased in filter cloth (refer 
Appendix 8 for construction details) . Water levels in 
standpipe piezometer 
conduit conduit 
_:Jf__._'iL-- JL_ _-..JJL_..j//{_ 
' 
light yellowish-brown colluvium 
,-;-::;~i 
';-' t"J ... 
.... 'I ..... I/ 
..... ,,, .... ;'! 
''I' 't 
' I ' I\ 
'I l,,tl 
' I 
I ' 
highly organic colluvium 
partially organic colluvium 
Light reddish-brown regolith 
Fig.5.23(a) Coastal Installation (P2 ) (7250E,0350N) 
standpipe 
conduit 
_V/L..... _...WL___ __::jf{.-
paleosol(?) 
Paleosol 
1
' softened" 
horizon 
piezometer 
conduits 
_VJL_ 
Scale 
0 2m 
yellowish-brown colluvium 
reddish-brown colluvium 
brownish-grey colluvium 
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Fig.5.23(b): Debris Slide Installation (P3 ). Refer Appendix 7 
for comprehensive borehole logs. Location 7300E,0200N 
both devices was measured using a well depth indicator. 
Location of the two monitoring sites meant recording 
of ground water pressures would probably be infrequent hence 
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a method to note maximum interim pore pressure between readings 
was developed. This involved pouring cork dust down piezo-
meter/standpipe conduit and inserting a flexible graduated 
section of clear P.V.C. tubing (Appendix 8}. Cork dust, 
floating, rose with increasing ground water pressure and then 
as pressures subsided a residue of cork fragments remained 
adhereing to the clear tubing. Prior to the next pressure 
reading, the clear tubing was extracted and maximum pressure 
noted. 
Results 
Coastal Installation: 
Fifteen recordings of the two horizons monitored were 
made, revealing two ground water pore pressure regimes; both 
maximising in August 1981 and minimising in March 1980. 
Debris Slide Installation: 
Fifteen readings of the three levels monitored showed 
markedly different ground water pressures. The upper-most 
layer varied markedly whilst the lower-most zone maintained 
relatively constant pressure. The piezometer within the 
intervening "softened" mudstone horizon was dry for at least 
the first month, indicating the zone 1s impermeability and 
emphasising the inadequacy of this type of device in low 
permeability materials. 
(Re Appendix 8 for data record). 
Note: Cork dust method of recording maximum interim pore 
pressure proved tedius and inaccurate so was abandoned. 
Conclusions 
The monitoring period from August 1981 to August 1982 
Was sufficient but the fifteen readings taken furnish an inade-
quate data base for conclusive determination of seasonal ground 
Water patterns. However results were correlated with daily 
rainfall and tentative conclusions made: 
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Coastal Installation: 
Two ground water flow regimes were recognized, corre-
lating to the levels monitored. Following a month's moderate 
rainfall (August 1981), pore pressures within the lower mud-
stone horizon were significantly higher than the overlying 
organic layer. In contrast, during a month of low rainfall 
(August 1982), pressures were equivalent. The conclusion 
drawn is that the overlying organic layers initially retain 
precipitation, causing undrained loading on the less permeable 
underlying material which requires time to equilibrate. 
Debris Slide Installation: 
Three ground water flow regimes were recognized within 
the profile, corresponding with horizons monitored. The upper 
fluctuated more readily with rainfall than the lower. 
Response to precipitation of the intermediate, softened layer, 
could not be established from the type of device used. 
Response time for piezometers and standpipes appeared 
in the vicinity of seven days. As transient pore pressures may 
have significantly changed during this time magnitudes recorded 
were not used for effective stress stability analyses. 
5.3.3 Surveying 
Introduction 
A survey network was established over the Davids Road 
Area with principal objectives of: 
1) Delineating relatively active zones plus their 
rates of movement. 
2) Helping establish movement mechanisms for the 
Haven Street batter slope failure. 
The network essentially comprises a central line of six 
"monitoring" points in conjunction wit~ three adjoining ro~s; 
one row monitoring land immediately behind Haven Street, the 
second Haven Street itself, and the third the lower coastal 
tract. Two "control" points plus one "base" point are 
installed outside principal escarpments defined by the Davids 
Road Slide. The system, consisting of 18 points in total, 
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is "tied" to the Motor Camp network, hence Geodetic Datum 1949 
(refer map enclosure, plan of Davids Road Area survey network). 
Bench mark construction follows designs outlined for 
the Motor Camp Area with the exception of control point 13, 
which is concreted to a depth of 1.5 m amidst volcanic bedrock. 
Nine surveys were completed over a period of one year 
(August 1981 to August 1982). Initial and final measurements 
were taken with the help of Mr A. Greig and J. Hermann, utiliz-
ing a Wild T2 theodolite plus Wild DI3 distomat. Interim 
surveys employed a Wild T6 theodolite in conjunction with DI3 
distomat. 
Individual surveys involved positioning of the theod-
olite in combination with distomat over "base" point 11, 
followed by alignment with points 12 and 10 to ensure no lat-
eral movements of the mark (point 11) had occurred. Distances 
plus relevant angles (three full sets, left and right face), 
were then observed to all "control" and "monitoring" points. 
Only horizontal displacement was calculated except for three 
Haven Street points where vertical movement was also noted. 
Detailed survey methodology and analyses of data are outlined 
in Appendix 9. 
Based on equipment used a maximum survey error of ±1 em 
is assumed. 
Results 
Measured displacement for all monitoring points is 
shown in vector form on a plan of the Davids Road Area survey 
network (refer map enclosure) . 
Three relatively "active" regions are recognized: 
1) A slowly advancing debris flow-slide, above 
Haven Street, progressing at·a measured rate 
of 5.5 em per year (point C). 
2) A well defined Haven Street batter slope failure, 
horizontal movement of 14.3 em, vertical of 
10.7 em per year (points H, I and J). 
3} An ill-defined zone adjacent to the coast with 
measured displacement in the order of 4 em to 
9 em per year (points K, L, M and P}. 
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No displacement of "control" points was discerned with 
remaining "monitoring" points exhibiting movement in the order 
of 2 em to 4 em per year. 
conclusions 
The active debris flow slide above Haven Street is 
like the School Slip in bedrock lithology, salient morpholpgy 
and failure mode, hence mechanism of movement is assumed 
similar (ie. principally by drained failure in response to 
rising ground water levels). 
Measured displacement was correlated with rainfall data 
for the remaining two active regions. 
Both vertical and horizontal movement of the Haven Street 
failure maximised during months of high rainfall {December 1981, 
January, April and May 1982). Thus displacement probably 
results from undrained conditions created immediately following 
heavy precipitation (Fig. 5.24). 
Data interpreted for the coastal region shows increased 
movement (February, March 1982) up to one month after heavy 
rainfall (December 1981, January 1982) (Fig. 5.25). For this 
reason accelerated displacement is attributed to slowly rising 
ground water levels, under drained conditions. 
Movement of the remaining points is ascribed to 
surficial regolith/colluvium "creep". 
In summary, the Davids Road area contains active mass 
movement triggered by heavy precipitation (drained failures 
Within the head and coastal area, plus an undrained slide 
developed in the Haven Street batter). The entire area exhibits 
"creep 11 movement confusing speculation relating to activity of 
the deep-seated Davids Road Slide, which if considered as one 
Unit, is tentatively assumed stable. 
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5.3.4 Stability Assessment 
Introduction 
Limit equilibrium analyses were not utilized for 
stability assessment of the active coastal or Haven Street 
regions due to: 
1) Lack of subsurface data. 
a) Basal failure surface of the Haven Street 
batter slide is presumed circular but may 
in fact be partially controlled by debris 
within the profile (previous sections of 
roading or culverts). 
b) No tentative failure surface has been 
defined for the coastal region. 
2) Lack of relevant geotechnical parameters. 
a) Movement of Haven Street occurs in undrained 
conditions most likely at residual strength 
and neither ~·r or appropriate pore pressures 
magnitudes are known. 
b) The coastal piezometer installation revealed 
different flow regimes within mudstone over-
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burden which undoubtedly influence local instabilities 
yet effects cannot realistically be incorpor-
ated in analyses. 
However, enough information has been collated to estab-
lish movement mechanisms hence the causes of slope failure in 
the two areas. 
Haven Street 
The Haven Street batter failure developed within chaotic 
gravel-colluvial "fill'', is well defined and moves in abrupt 
response to severe rainfall. 
Following heavy precipitation, overland flow is concen-
trated and usually impended behind Haven Street; ground water 
is subsequently channelled via permeable horizons (paleosols) 
into Haven Street reading substrate. An undrained situation 
results when infiltration of the clay rich foundation "fill" 
is exceeded, creating excess pore pressures and·initiating 
sudden failure. Movement continues until pore pressures 
dissipate along the rupture (shear) surface; the failure 
zone probably predetermined and at residual strength from 
large strains developed during preceding months. 
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Ground water south of Haven Street may accumulate within 
a single, horizontal paleosol layer (approximate depth, 2m), 
the presence of which is tentatively extrapolated from bore 
hole data (refer map enclosure, Davids Road Area surveyed 
profile). Drainage of the re~ion proves .inadequate since: 
1) Culvert intakes are too shallow (approximately 
1.3 m) with the majority of ground water flow 
hi-passing the structures, draining via permeable 
horizons below. 
2) Having concentrated drainage culvert outlets 
direct water onto the Haven Street batter 
further encouraging movement. 
Retrogression of the failure is hindered by a sequence 
of tarsealed layers marking previous subsided road levels. 
Coastal Region 
The active coastal region comprises an ill-defined zone 
which based on survey data, moves via drained failure in 
response to rising ground water levels. 
The section monitored is construed as a rafted "block" 
associated with the Davids Road Slide (refer map enclosure, 
surveyed profile, Davids Road Area). Movement may indicate 
a re-activation of this blocks western margin and is tenta-
tively ascribed to: 
1) The removal of buttressing support by an active 
coastal debris flow-slide the displacement of 
which accelerated by drainage into its princi-
pal escarpment (refer section 5.2.4 for limit 
equilibrium analysis). 
2) Increased pore pressures attributed to adjacent 
thick organic horizons channelling ground water 
into the rafted "block 11 • 
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5.3.5 Remedial Options 
The chief objective of remedial design for the Davids 
Road area is effective reduction in ground water pressures. 
1) The encouragement of dense shrub vegetation 
cover to minimise seasonal ground water fluctu-
ations and strengthen shallow overburden is 
recommended for 
a) the entire head region within the Davids 
Road Area, 
b) the area comprising the active coastal 
debris flow-slide, 
c) coastal batter slopes. 
2) A cut off drain (2 m to 3 m deep, 15 m to 20 m 
long) bisecting the section of swampy ground, 
south of Haven Street, channelling ground water 
directly into a road culvert (2 m to 3 m deep). 
Outflow from the road culvert should be directed 
beyond the batter slope. 
3) Filling in the present shallow ditch draining 
impended water adjacent to the Haven Street batter. 
Subsequent installation of a collector drain 
(approximately 10 m x 5 m, 4 m in depth) neighbour-
ing the zone of ponded water and within organic 
horizons exposed by the coastal piezometer; the 
drain emptying effluent beyond the coastal scarp 
via a connecting impervious section of P.V.C. 
conduit. 
CHAPTER SIX 
SLOPE STABILITY ASSESSMENT 
6.1 INTRODUCTION 
Slope stability investigations have highlighted the 
extent and current "activity" of mass movement influencing 
the northern coastline of Moeraki Peninsula. 
Classical limit-equilibrium analyses are known to be 
incapable of coping with real world scenarios such as 
"progressive slope failure•• hence a subjective approach of 
slope stability evaluation for the township are was chosen. 
Treatment of instability assessment is in five parts. 
The first section comprises a hypothetical model for 
slope failure within the Hampden mudstone formation and is 
based on integrated data from detailed research on two 
unstable areas (Motor Camp and Davids Road areas). 
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Slope failures jeopardizing township housing and/or 
roading were identified as principally shallow-seated. Hence 
the second section describes the compilation of shallow mass 
movement susceptibility maps (scale 1:1000) for hazard miti-
gation; susceptibility evaluation being based on the preceding 
failure model. Examination of this section should be made 
with reference to susce~tibility plans within the map enclosure. 
Thirdly, recommendations for land-use zoning founded on 
susceptibility mapping are submitted, and finally, there is 
a concise outline of further investigation required. 
6.2 MODEL FOR SLOPE FAILURE WITHIN THE HAMPDEN FORMATION 
6.2.1 Introduction 
A hypothetical model for slope failure within the 
Hampden Formation has been derived from collated geomorpho-
logical, geological and geotechnical data. 
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The explanation of natural continuums such as mass 
movement, manifested on a variety of scales, in terms of 
isolated groups (slides, flows, topples) is thought unrealistic 
and inadequate. For this reason mechanisms and modes of slope 
failure salient within the mudstone unit are represented in 
the form of a dynamic, "evolving" failure model. 
The model is developed in three sections: 
1) Inherent Mudstone Properties; highlighting 
intrinsic elements which contribute to slope 
failure. 
2) Instability Development; describing a hypo-
thetical evolution of mass movement starting 
with deep-seated displacements and culminating in 
shallow, flow failure. 
3) Stability Criteria; outlining factors which 
influence shallow slope movement. 
Hazardous instability affecting Moeraki township is 
confined to the Kurinui and Hampden Mudstone Formations. 
Failure mechanisms and modes within both mudstone units are 
tacitly assumed alike due to the lithological similarity of 
both Formations, hence the failure model outlined is repre-
sentative of slope processes over the entire study area and 
thus can be used as a basis for susceptibility mapping. 
' 
6.2.2 Inherent Mudstone Properties 
The Hampden Formation is a silty-cla~ over-consolidated 
to form an homogeneous soft rock, with no significant litho-
logical variation (11% sand, 42% silt, 47% clay). Water 
absorbing smectite minerals comprise the majority of the clay 
fraction and in conjunction with stress history, account for 
characteristic intrinsic properties which influence slope 
instability. 
1) Stress-Strain Behaviour 
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Mudstone stress-strain characteristics are typical 
of "brittle'' substances rather than strain harden-
ing and perfectly plastic material, ie. a pronounced 
peak strength followed by abrupt fall to residual 
value well below peak upon increasing strain (refer 
section 4 .3 . 7) . 
Hence mudstones are i•sensitive 11 and a small dis-
placement beyond peak results in significant 
reduction in strength. 
2) Latent Strain 
Deformation of flexible plate like clay minerals 
due to over"":'consolidation is partially recoverable 
thus mudstone contains 11 latent" strain energy. 
Bjerrum (1967) notes the greater the quantity of 
swelling clays the greater the potential for 
recoverable strain. 
Liberation of strain energy results in dilatancy 
and increased moisture content, the combination of 
which significantly reduces strength. 
3) Plasticity 
Pliability or capacity for remoulding is attributed 
to the plate like nature of clays and lubricating 
yet binding influence of absorbed water. For this 
reason, mudstones containing clays rich in water of 
hydration (smectites) exhibit the greatest plasticity. 
Geotechnical parameters of the Hampden mudstones reflect · 
inherent properties: 
Moisture content, coherent mudstone - 24% to 26% 
In-situ density, coherent mudstone {fractured) - 1.1 t/m 3 
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Moisture content, softened mudstone - 30% to 40% 
In-situ density, softened mudstone - 1.1 t/m 3 to 1.89 t/m 1 
In-situ undrained strength, softened mudstone 
Shrinkage limit = 8% 
Liquid limit = 65% 
Plasticity index = 41 
6.2.3 Instability Development 
- 1.5 t/m2 to 4 t/m2 
Hypothetical development of instability within the 
Hampden Formation is portrayed on an evolving "model" of slope 
failure. 
Deep-Seated Instability (Fig. 6.1) 
1) Instability is initiated in response to: 
a) Fluctuating base levels (glacio-eustatic 
effects) and associated coastal erosion. 
b) Influences of regional uplift .(seismotectonic 
effects} • 
Erosion causing relaxation of horizontal stress 
results in latent strain release (flexural bulging) 
and consequent deep-seated "creep" movement. 
Propagation of "plastic" deformation is expedited 
by mudstones inherent philability and stress-strain 
characteristics. ie. "sensitivity" facilitatingcreep 
deformation. 
2} Precursory deep-seated "creep" eventually culminates 
in complete slope failure producing a slide mass 
sheared into tilted coherent mudstone "blocks"; with 
movement intensifying mudstone fracturing and strain 
softening along zones of significant displacement. 
3) Episodic rotational reactivation of "juxtaposed blocks" 
yields an acutely varied topography. 
4) Changing geomorphic conditions (man's influence) 
results in slope degradation predominantly via 
shallow mass movement. 
PRECURSOR 
GRAVITY 
"CREEP" 
INITIAL 
SWPE 
FAILURE 
ISOLATED 
EPISODIC 
ROTATIONAL 
FAILURE 
FLEXURAL 
TOE 
SUBSIDENCE 
-~-- PROPAGATING 
SLIDE MASS 
SHEARED INTO 
JUXTAPOSED "BWCKS" 
FAIL AMIDST STRAIN 
SOFTENED/FRACTURED 
MUDSTONE 
RUPTURE ZONE, POSSIBLY 
STRUCTURALLY CONTROLLED 
~ 
GRABEN 
\ t,,./1 ~--~Iii 
-r '\ . 
L / 
DEVELOPMENT OF CONTINUOUS 
SHEAR ZONE 
SLOPE DEFORMATION TRIGGERING · 
PHENOMENA INCLUDE GLACIO-EUSTATIC 
AND SEISMOTECTONIC EFFECTS 
Fig. 6.1: Hypothetical sequential development of deep-seated slope 
failure amidst Hampden mudstone 
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Shallow Instability (Fig. 6.2) 
5) Mudstone fracturing intensifying toward the sur-
face produces gradational mantles of disaggregated 
blocks. 
1'/U 
Material above the zone of permanent saturation becomes 
oxidised and "softened" to form a yellow-brown regolith (refer 
section 4.3.6). Weathering (mainly via slaking) progressively 
breaks cohesive bonding formed by over-consolidation, causing 
dilatancy and elevated moisture contents thus reducing regolith 
strength; a process accelerated by fluctuating ground water 
{desiccation/saturation) and drainage concentration (increasing 
pore pressures) (refer section 4.3.6). 
Slaking may concentrate along weathered/unweathered 
mudstone discontinuities producing "weak" horizons susceptible 
to slope deformation. 
6) During periods of high evaporation subsurface water 
tables drop and desiccation of the surface forms 
deep cracks as clay minerals contract losing water; 
in tnis state the slopes are stable. 
7) If subsurface water tables rise the elevated slope 
surcharge promotes instability due to: 
a) Increased gravity related forces acting on the 
slope. 
b) Decreased slope shear strength (attributed to 
raised pore pressures). 
Investigations indicate prolonged moderate rainfall is 
required to elevate ground water tables; brief intense storms 
cause saturation of surface layers creating an impermeable 
barrier and precipitation is transported as "overland flow" 
rather than "through flow". 
8} If increased shear stress exceeds reduced shear 
strengths slope failure occurs; initial movement 
possibly controlled by areas of "softened" mudstone 
since: 
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TWO FIELD SITUATIONS PRONE TO INSTABILITY 
DESICCATION 
(STABLE SLOPES) 
RISING GROUND 
WATER LEVEIS 
INDUCES PRECURSORY 
CREEP DEFORMATIO~ 
SOFTENED HORIZONS 
~ 
PROGRESSIVE 
SLO?E 
FAILURE 
ELEVATED Gl?.OtJNo' 
WATER LEVELS 
CULMINATES IN 
SLOPE FAILURE 
CONTINUED MOVEl1ENT 
ACCELERATES SLAKING 
PROMOTING "FLOW" 
BEHAVIOUR 
Softened mudston~ 
tZl zone of strain release 
. HAINLY SLIDE Fi>IL!.iRE 
RETROGRESSION BY 
_\l__~"PROGRESSIVE F:.ULURE" 
-- -.1 / ....,( / 
\ / "'>' 
' / / 
",,/ / / . . 
-..,_/ / 
~ shear zone 
_\Z._ groundwater 
level 
........ _ / 
DISTRICT OF INCREASED 
STRAIN DUE TO LACK 
LATERAL SUPPORT 
DEBRIS FLOW-SLIDE 
FLOW DEFORI>!ATION 
DEBRIS 
Fig.6.2: Hypothetical evolution of shallow mass movement within 
the Hampden mudstone. 
a) they exist at softened strength and as such 
are "weak" zones w.ithin the profile; 
b) they are relatively impermeable in comparison 
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to uniquitous regolith/colluvium hence may be 
associated with transient excess pore pressures. 
Initially slope movement is via slow plastic 
deformation (precursory creep) as shear strength 
is gradually exceeded by rising ground water levels. 
Continued "creep" propagates a basal rupture zone 
and eventually culminates in "slide" failure. 
Salient ilure morphology comprises a principal 
escarpment, graben structure and an adjacent rafted 
block in the centre of the slide mass. 
Note, field evidence suggests shallow slope failure 
initiates equally well within fractured blue-grey/yellow-brown 
mudstones and principal mass movement controls are the extent 
of mudstone softening in conjunction with ground water levels. 
Field observation reveals failure of low angle slopes 
results in predominantly translational movement, whilst failure 
of higher angled slopes is mainly rotational (refer section 
4.6.1). 
9) Slope movements accelerate softening amidst the 
failure mass reducing permeability and thus 
accentuating development of transient excess pore 
pressures, ultimately leading to 11 flow" deformation. 
Salient morphology consists of a lobe shaped 
failure mass of subdued relief with prominent turf 
mat rippling. 
Obviously a continuous gradation exists between the 
failure mechanisms (slide, flow) with the majority of mass 
movement a combination of both slide and flow behaviour, i~. 
"Plug Flow" (Hutchinson, 1970) . 
10) Retrogression occurs by "progressive failure" due 
to the removal of lateral support as adjacent 
material is displaced downslope (refer section 
5.2.4, Appendix 10). 
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Thus the final scenario is of shallow flow/slide failures 
"superimposed" on deep-seated mass movement; a situation ana-
logous to the present in-situ state along the northern 
coastline of Moeraki Peninsula. 
6.2.4 Stability Criteria 
Factors influencing shallow slope instability within 
the Hampden Formation are derived from the preceding simpli-
fied model to provide a basis for susceptibility mapping. 
1) Terrain Activity 
a) Currently active areas are prone to retrogression 
via "progressive failure" hence districts in 
their immediate encompassing vicinity are unstable. 
b) Slope failure disrupts structure within the slide 
mass accelerating mudstone softening, reducing 
strength and thus encouraging further movement. 
For this reason even "inactive" mass movement 
may exist as areas of inherent weakness. 
2) Ground Water Levels 
a) High subsurface water tables accentuate the 
likelihood of slope failure by: 
- increasing stress promoting movement 
- reducing slope shear strength 
- accelerating softening (elevated pore pressure 
influencing slaking). 
b} Ground water fluctuations expedite mudstone 
softening lowering strength in the zone of 
alternate desiccation/saturation. 
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6.3 MASS MOVEMENT SUSCEPTIBILITY MAPPING 
6.3.1 Introduction 
Present day topography within Moeraki township is 
chiefly inherited from a complex sequence of deep-seated fail-
ures which indicate that the landscape has an intrinsic susceptibility 
to slope movement. The township's history of shallow instab-
ility has emphasised the critical necessity of knowledge relating 
to slope processes in the initial stages of town planning; in 
order to foresee effects of land utilization and to avoid 
supplementary costs (perhaps unexpected protection and remedial 
works) . 
Moeraki town planning has proceeded without such 
rudimentary information, consequently man's activities have 
undoubtedly accelerated and triggered further instability which 
now threatens housing and roading in some areas (original 
survey plan of 1863 is still adhered to as a basis for resi-
dential development) . 
Increasing urban expansion has necessitated a compre-
hensive assessment of slope processes. Information facilitating 
town planning in thi~ regard is best depicted on maps dealing 
with a specific phenomenon. Data collated from detailed 
investigations suggests active shallow mass movement poses the 
predominant threat to township housing and roading, hence plans 
delineating risk of or susceptibility to surficial slope fail-
ure have been compiled for hazard mitigation. Maps entail 
analysis of the field area via a "blanket" type approach and 
consequently are no substitute for site-specific investigation. 
Stabilization of potential or active landslide terrain 
is unique to each location and not depicted on this variety 
of generalised planning aid. Thus the principal aim of 
susceptibility mapping is to provide guidelines for residential 
development facilitating long term planning which will minimise 
further slope instability. 
6.3.2 Approach 
The problems of mass movement susceptibility mapping 
within New Zealand has been approached in a number of ways. 
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O'Byrne (1967) devised eight lithologic groups character-
ised by increasing severity of erosion. He correlated rock 
type with soils, topography and erosion to produce maps of 
the Gisborne-East Cape region at a scale of 1:250,000. 
Leslie (1974) used three causal factors (basement 
lithology, regolith and slope angle) to formulate five classes 
of landslip potential in the Otago region. 
Pettinga (1980) evaluated soil failure susceptibility 
on a scale of 1:15,000 based on three parameters; geomorphology, 
likelihood of movement in terms of five susceptibility units 
(extreme, very high, high, moderate, and low). 
Overseas hazard mapping pertaining to slope instability 
generally follows one of two approaches. 
For evaluating large areas (OOO's square km) "relative 
stability assessments" based on landslide abundance are 
accepted methods. Baker and Chieruzzi (1959) assigned stab-
ility ratings on a regional basis founded on landslide frequency, 
size of displaced mass and repair costs. Brabb et.al. (1972) 
correlated landslide inventory mapping with lithologic type 
to produce relative tendencies of bedrock units to failure. 
The second principal method, adopted for appraisal of 
smaller areas (O's square km), emphasises significant physical 
processes acting in conjunction with failure mechanisms. 
Blanc and Cleveland (1968) considered slope angle, strength, 
stream erosion and susceptibility of different lithologies to 
erosion. 
Hoexter et.al. (1978) made relative stability analyses 
founded on detailed geological mapping which differed in two 
aspects to approaches outlined above: 
1) Areas were classified as stable, potentially 
unstable, or moving ground rather than in 
terms of a continuous numerical scale. 
2) Evaluation was based on detailed field work 
without the backup of statistical appraisals 
on rock type and slope angle. 
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Hoexter et.al. (1978) adopted this approach for "relative 
stability" mapping in the San Francisco Bay area, stressing 
assessment parameters plus map scale are site specific and 
determined by ultimate objective. 
Coelho (1979) proposed a three stage process; initially 
the identification and mapping of slope instability phenomena, 
secondly the production of risk maps via synoptic evaluation 
(utilizing lithology, structure and morphology parameters) and 
thirdly, verification of these zones by stability analyses. 
Stevenson and Sloane (1980) adopt a two tier land-use 
zoning system whereby areas are "descriptively" evaluated in 
terms of geology and geomorphology to produce guidelines for 
development and subsequently 11 proscriptively 11 zoned when 
advice on slope stability is ineffectual and compulsive 
restraints are necessary. 
Based on this limited literature review, two common 
themes on slope deformation mapping emerge: 
1) Mass movement assessment parameters are site 
specific and require detailed local knowledge 
of field area processes. ie. cannot arbitrarily 
apply mapping methodology developed for one 
region to extraneous areas. 
2) Content and method of map preparation should be 
tailored to meet specific requirements. 
Bearing these factors in mind a four stage approach 
Was adopted for 11 relative stability 11 mapping based on evalu-
ation of active physical process rather than landslide 
inventory (Fig.6.3). 
Comprehensive engineering 
geological mapping 
Detailed research 
pertaining to mudstone 
slope failure mechanisms 
and modes 
Development of analytical 
slope failure assessment 
"system" 
Compilation of mass move-
ment susceptibility plans 
(scale 1:1000) 
' 
system 
verification 
Fig.6.3: Approach adopted for shallow mass movement 
susceptibility mapping of Moeraki township 
area.· 
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The first stage entailed comprehensive engineering 
geological mapping, collating data on slope stability, hydrol-
ogy, structure and geology. Mass movement in the study area 
comprises "superimposed" failures evident over a continuum 
of scales. Field mapping disclosed active hazardous instab-
ility was shallow seated and confined within the Kurinui and 
Hampden Formations. 
The second phase involved detailed investigation into 
failure mechanisms and modes of two representative regions 
and culminated in the evolution of a "model" of slope 
failure within the Hampden Formation. 
The third step involved synthesising data compiled in 
phase two to develop a mass movement susceptibility assessment 
"system". The subjective system evaluates the likelihood of 
shallow slope failure by appraisal of three principal factors 
(geology, geomorphology and hydrology). System verification 
was by application to areas whose stability was estimated from 
limit equilibrium analyses carried out during phase two. The 
inherent bias that assessment factors pertain solely to 
mudstone instability is justified by the fact no significant 
active slope failure occurs within other lithologies in the 
field area. 
The fourth stage involved a "blanket" application of 
the stability evaluation system and the compilation of mass 
movement susceptibility plans (scale 1: 1000) . 
Aim of susceptibility mapping was to "describe" relative 
instability within the Moeraki township which could subsequently 
be used as a basis to develop "proscriptive" zoningw 
6.3.3 Scale 
The ultimate map objective governs precision and 
complexity of information presented, which in turn dictates 
map scale. 
Geologic hazard plans are commonly compiled on the 
following scales: 
1) Synoptic maps (at a scale 1:100,000 and smaller) 
179 
2) Medium scale maps (1:25,000 and 1:50,000) 
3) Large scale maps (1:10,000 to 1:5000) 
4) Details maps (on scales 1:2000 to 1:500) 
Active mass movement affecting housing and/or roading 
within Moeraki township occurs on a variety of scales ranging 
from 10 to about 3000 square metres. To adequately portray 
minor hazardous zones which threaten individual houses, map-
ping was conducted on the detailed scale of 1:1000 (facilitates 
correlation with engineering geology plans). 
6.3.4 Methodology 
The approach chosen was evaluation of mass movement 
susceptibility via physical process, rather than landslide 
inventory, thus methodology comprises relative assessments 
of pertinent natural elements controlling slope deformation. 
Processes effecting instability are complex, inter-
related natural continuums and for the purposes of this study 
are isolated into three principal groups: 
1) Geologic Factor; accounting for inherent bedrock 
properties, ie. composition and 
structure. 
2) Geomorphic Factor; depicting landscape "condition" 
ie. terrain activity. 
3) Hydrology Factor; ostensibly appraising chief 
triggering phemonena, ie. increasing 
ground water pressure. 
Assessment was achieved utilizing an analytical "system" 
in which factors are numerically weighted depending on import-
ance (Fig. 6.4). Factor quantum was subjectively deduced 
rather than founded on extensive statistical slope parameter 
studies, initial appraisal being based on data collated from 
detailed investigations (mainly a model for mudstone slope 
failure) . 
Each principal factor is evaluated by parameters numer-
ically weighted in multiples of five. Once summed, multiples 
provide a "susceptibility rating" which is categorised into 
one of four units of "relative stability''; active, unstable, 
180 
TERRAIN ASSESSMENT SYSTEM 
Mass Movement 
Susceptibility 
Rating 
GEOLOGIC 
FACTOR 
Fill 
~~~~~-----------Regolith/Colluvium 
40 
30 
10 
5 
Stable 0 
TERRAIN ACTIVITY Dormant 10 
Active 30 
GEOMORPHIC 
FACTOR 
<35° 10 
SLOPE ANGLE 20 34° 5 
<19° 0 
Good -10 
SURFACE 
COVER Average 0 
Poor 5 
Low 0 
HYDROLOGY RUNOFF Moderate 5 FACTOR CONCENTRATION 
High 10 
Effective -10 
DRAINAGE Adequate 0 APPRAISAL 
Adverse +15 
Fig.6.4: Analytical system applied to assess susceptibility 
to shallow slope failure within the field area; 
districts assessed are subsequently grouped into 
"relative stability" units based on summed suscepti-
bility ratings. 
potentially unstable and stable. Ultimate parameter and 
susceptibility unit ratings were determined by iteration in 
conjunction with application of the system to areas of known 
stability (ascertained by stability analyses). 
Geologic Factor 
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Structure plus intrinsic properties (mass and material) 
of bedrock and surficial deposits, significantly influence 
degradation processes and for this reason the geologic factor 
is evaluated on lithological rather than Formational boundaries. 
Four categories are established: 
l) Mudstone Regolith/Colluvium 
2) Mudstone Fill 
3) Volcanic Bedrock 
4) Volcanic Regolith/Colluvium. 
Mudstone formations due to their composition (presence 
of smectites) and intense fracture profiles, are extremely 
prone to slope failure. No distinction between colluvium, 
yellow-brown and blue-grey mudstones is made since: 
l) Geotechnical parameters of "softened", mudstone/ 
colluvium/regolith are ostensibly the same (refer 
section 4.5). 
2) Field evidence suggests softened yellow-brown and blue-
grey mudstones are equal in susceptibility to shallow 
slope failure (refer section 6.2.3). 
Fill (uncompacted or re-compacted) originating from 
disrupted in-situ mudstone is often exposed in the study area 
as zones of instability. Obliteration of natural structure, 
and disaggregation of coherent mudstone by machinery, expedites 
weathering (softening) reducing strength and thus markedly 
raises the chances of slope failure. 
Weathering of volcanic intrusives produces surficial 
regoliths different composition and structure increasing 
the likelihood of shallow instability and for this reason 
the lithology is subdivided into two groups; bedrock and 
regolith/colluvium. 
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Geomorphic Factor 
The geomorphic factor incorporates assessment of 
currently unstable areas plus topography conducive to ensuing 
slope failure. This is attained via two parameters. 
Terrain Activity 
The single most important parameter is terrain activity, 
which relates to mass movement susceptibility by differentiating 
the following: 
1) High risk regions; areas currently moving or 
about to move. 
2) Moderate risk regions; regions where previous 
slope movement has increased 
the chance of ensuing failure 
(ie. expediting weathering, 
reducing strength and raising 
infiltration by disruption of 
surface runoff). 
3) Low risk regions; stable districts not previously 
involved in slope failure and 
unlikely to move in present 
in-situ conditions. 
Terrain activity was categorized active, dominant and 
stable according to Varnes (1978) and refers to classification 
of shallow slope deformation (refer section 3.3.5). 
Whether "failed" material approaching residual value 
can ever increase in strength with the passage of time is 
unknown, but obviously of great interest in this context. For 
the purposes of this study strength is assumed non-recoverable, 
hence the determination of slope failure "age" is unnecessary. 
To attain plausible mass movement susceptibility assess 
ment areas exhibiting major "creep" movements were classified, 
dormant, whilst defined areas of displacement encompassed by 
rupture (tension, shear) zones were classified active. 
Slope Angle 
High slope angles enhance tendencies for mass "creep" 
and progressive slope failure (refer to Appendix 10), hence 
the inclusion as a separate parameter. 
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No statistical evaluation of "critical" mudstone slope 
angles was carried out so assessment is purely subjective. 
Field evidence suggests slope angle in a subordinate 
influence on slope instability with the principal factors 
being ground water levels and extent of mudstone softening, 
ie. steep slopes, if well drained remain stable whilst there 
are numerous active, low angle failures in areas of ground 
water concentration (ie. Domain and School Slips). 
The entire study area predominantly faces north and 
is subject to the same prevailing climate with minor changes 
in outlook not significantly influencing slope profile or 
deposits. For this reason slope aspect was not incorporated 
in assessment. 
No coastal erosion parameter was felt necessary since 
all significant shoreline slope failure appears controlled by 
poor drainage rather than wave action (refer section 4.6.3). 
Hydrology Factor 
Shallow slope deformation appears predominantly via 
drained failure chiefly as a result of increased ground water 
levels. 
High water tables elevate pore pressures and accelerate 
softening, both of which reduce strength facilitating failure. 
Raised ground water levels, triggering movement are associated 
with increased regolith/colluvium "through flow". Through 
flow is governed by an interaction of elements which was 
assessed by three parameters. 
Surface Cover 
Surface cover dealt with estimation of comparative 
drainage infiltration rates, ie. poor denoted little spasmodic 
grass vegetation, average refers to dense grass plus occasional 
shrubs, and good applies to roading, housing and dense clusters 
of vegetation. 
Runoff Concentration 
Surface pending following heavy precipitation occurs 
in deflated zones resulting in localised increased ground 
water levels. Evaluation of this parameter was largely based 
on topography, eg. amphitheatre escarpments often result in 
"high" runoff accumulation at their base as opposed to free 
draining areas of flat morphology causing "low" or minimal 
runoff pending. 
Drainage Appraisal 
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This parameter assessed the efficiency of any drainage 
related structure. Drainage was denoted "effective" for an 
area should a specific structure (culvert) result in the 
lowering of ground water levels. Simil~rly should "through 
flow" within regolith (via a permeable horizon) , elevate the 
water table~ drainage in the area affected was described as 
"adverse". 
6.3.5 Map Compilation 
Susceptibility mapping was on compilation base plans 
collating terrain activity, slope angle, vegetation and drain-
age data. A geomorphological approach for base map preparation 
was used to facilitate correlation with in-situ morphology and 
engineering geology plans (scale 1:1000) depicting shallow 
instability. Mass movement susceptibility map construction 
was in four phases: 
1) The field area was divided into zones of similar 
relief, terrain activity and drainage to form 
"geomorphic regimes". 
2) Each 11 regime" was individually assessed and 
susceptibility ratings ascribed using the "system" 
outlined. 
3) Ratings were contoured into four relative mass 
movement susceptibility unit~. 
4) The final overlay maps were draughted and checked 
for any anomalous susceptibility zoning. 
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6.3.6 Limitations 
1) The phenomenon of mass "creep" manifested amidst 
mudstone formations results in a movement continuum 
from imperceptible (mm/year) to rapid (em/day) 
making classification into isolated susceptibility. 
units difficult. For this reason overlap between 
mass movement susceptibility units is inevitable 
and unit boundaries are transitional. 
2) Regions are assessed as isolated pockets without 
reference to effects of surrounding areas, ie. an 
anomalously stable zone may be encompassed by 
potentially unstable areas. However such idiosyn-
crasies are corrected following initial map compilation. 
3) Numerical evaluation of physical parameters is 
subjective. This can only be overcome by exhaustive 
statistical studies comparing relative importance and 
inter-relationships of each parameter. 
4) Susceptibility mapping is based on 1981 to 1982 
in-situ conditions and subsequent alterations to 
topography or drainage may change susceptibility 
ratings. 
6.3.7 Relative Mass Movement Susceptibility Units 
Relative mass movement susceptibility within Moeraki 
township was delineated on geomorphological maps (scale 1:1000) 
in terms of four units; active, unstable, potentially unstable 
and stable. 
Active (numerical rating >60) 
Regions actively moving under current in-situ conditions 
within and along well delineated zones of shear. Movements in 
excess of 10 em/year. 
Active mass movement occurs as isolated plots predomin-
antly in areas of concentrated ground water. Onset of 
instability is normally preceded by development of tension 
cracks concentric in plan and concave downslope, ensuing plastic 
deformation of the encompassed area evolves into a slowly 
expanding (concurrently retrogressing and advancing) debris 
flow-slide with movement principally via drained failure. 
Active areas delineated are hazardous to roading and 
housing. Movement of most "active" zones can be attributed 
to a single cause (eg. drainage concentration) which often 
can be alleviated by appropriate remedial measures. 
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Dense shrub vegetation increases stability by minimising 
ground water fluctuation, ie. reduces infiltration plus water 
loss via evaporation. Landscaping of presently "active" areas 
(altering the centre of gravity relative to the failure mass) 
would probably have little effect on displacement rates. ie. 
intrinsic mudstone properties mean slides can propagate at low 
angles and any zones of mudstone "fill" would be very suscept-
ible to slope failure. Established "active" regions generally 
exist at strengths approaching residual value so following 
stabilzation of movement would still exist as zones of high "risk" 
and should not be considered stable for surface construction. 
Unstable Areas (numerical rating 51 to 60) 
Regions prone to slope failure under current in-situ 
conditions within and along broadly manifested zones of shear. 
Subject to significant creep movement in the order of 5 em to 
10 em/year. 
Unstable zones comprise peripheral transitional districts 
generally associated with active slope failure. Delineated by 
discontinuous rupture (tension or shear) zones, they exist as 
areas of significant intermittent creep which may ultimately 
result in slope failure. Displacement is generally under 
drained conditions as a result of: 
1) Removal of buttressing support, ie. by adjacent 
active mass movement. 
2) Drainage concentration. 
Areas are "high risk" jeopardizing roading and housing. 
Appropriate remedial work {drainage, vegetation) will stabilize 
.U:17 
most zones if considered with regard to surrounding terrain, 
ie. incorporate neighbouring active instability in corrective 
measures. 
Potentially Unstable Areas (numerical rating 40 to 50) 
Zones either subject to or prone to significant mass 
"creep 11 displacement under present in-situ conditions (2 em 
to 5 em/year) • 
In the main, these are regions of moderate to steep 
relief where slope angle sufficiently increases gravity 
related stresses to induce significant creep. Active and 
unstable regions undergo movement principally ascribed to a 
specific cause; potentially unstable areas exist in a "meta 
stable 11 state attributed to the sum of a number of in-situ 
factors (intrinsic mudstone properties, terrain activity, 
slope angle, drainage). Hence under adverse conditions the 
region will most likely become progressively unstable and 
finally active (ie. influences such as drainage concentration, 
vegetation removal, human activity, excess precipitation). 
Stable Areas (numerical rating <40) 
Comparatively stable areas possibly subject to mass 
11 Creep 11 movements in the order of 2 em to 4 em/year. 
Predominantly regions of subdued relief within mudstone 
and volcanic terrain where adequate local drainage ensures stability. 
6.3.8 Susceptibility Map Criticism 
1) The majority of septic tank locations and associated 
areas of adverse drainage were not included in 
assessment. 
2) Revegetation following extensive regrading of 
original topography has masked some potentially 
unstable zones of mudstone fill; zones not 
accounted for in assessment. 
3) Comprehensive appraisal of stability is only made 
in two regions; the Motor Camp and Davids Road 
.U:H:l 
6.4 RECOMMENDATIONS ON LAND-USE ZONING 
l) Mass movement susceptibility mapping should be utilized 
as the principal basis for "proscriptive" land-use zoning 
for hazard mitigation within Moeraki township. 
Deep-seated slope failure affecting the township area, 
if active, is envisaged as slow creep displacement of 
large coherent mudstone "blocks", hence does not 
jeopardize housing/roading to the same extent as active 
shallow mass movement but nevertheless must be considered 
in ultimate land-use zoning. 
2) The generalised analytical approach of stability assess-
ment means susceptibility mapping is no substitute for 
site specific investigations. 
3) Mass movement "risk" depicted on susceptibility plans 
should be made plain to building owners in the proximity 
of "active" and "unstable" areas so they may take pru-
dent preQautions such as remedial drainage and the 
avoidance of deep earthworks. 
4) Active and unstable areas delineated on mass movement 
susceptibility maps require further engineering geolog-
ical input to confirm stability evaluation and determine 
appropriate remedial measures. 
5) If areas depicted unstable or active on susceptibility 
maps are effectively stabilized by remedial measures 
they will remain as inherently weak zones having been 
associated with increased strain and hence careful 
consideration should be given prior to utilization ·for 
surface construction. 
6) Residential development in areas portrayed "potenti9,lly 
unstable" on susceptibility plans is technically 
feasible on low angle slopes, but would require site 
specific design and on the steeper slopes (>20°) is 
not recommended. 
7) Development of areas outlined "stable" on mass move-
ment susceptibility maps is. deemed safe regarding 
shallow slope failure, but should be recessed from 
escarpments a minimum of 15 m. 
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8) All surface structure design should allow for signifi-
cant mass "creep" deformation in the order of 2 em to 
4 em/year. 
9) Drainage concentration should be avoided whenever 
possible and never allowed to accumulate behind steep 
scarps or in the vicinity of mass movement depicted 
active/dormant on detailed engineering geology plans 
( s ca 1 e 1 : 10 0 0) . 
6.5 FURTHER INVESTIGATION REQUIREMENTS 
1) Comprehensive analyses of all Moeraki township 
cadestral survey data (1890 to the present) with 
the object of delineating areas of relative 
instability pertaining to deep-seated slope failure 
(creep deformation) • 
2) Continued re-appraisal of survey information to check 
movement rates and if possible the formation of net-
works surveyed annually in "dangerously" unstable 
areas. 
3) Site-specific investigations to develop design 
"criteria" for future buildings and to determine 
appropriate remedial options for zones portrayed 
currently "active" on mass movement susceptibility 
plans. 
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CHAPTER SEVEN 
CONCLUSIONS 
l) Moeraki township is established on a complex sequence 
of deep-seated slope failures developed within under-
lying mudstones. 
2) Damage to housing and/or roading is attributed princ 
pally to shallow slope failure confined within the 
Kurinui and Hampden mudstone formations, outcropping 
over the western section of Moeraki township. 
3) The mudstone units are over-consolidated, containing 
significant quantities of smectite clays and are 
subject to strain softening. The "softening" phenom-
enon, is accelerated by high ground water pressures 
and results in shallow "progressive slope failure". 
4) Surficial instability within the township is mainly 
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via cohesive flow-slide behaviour with salient "active" 
zones moving at rates in excess of 15 em/year. 
5) Drainage is the principal control of shallow mass 
movement within mudstone formations. 
Ground water concentration accentuates gravity related 
forces promoting slope failure, reduces drained 
strength by increasing pore pressure, accelerates the 
"softening" process and for this reason markedly 
increases the likelihood of mass movement. 
6) Comparatively stable mudstone regolith/colluvium at 
low slope angles can be expected to exhibit "creep" 
displacements in the order of 2·cm to 4 em/year. 
7) Residential development of Moeraki township can safely 
continue provided a "proscriptive" land use zoning 
scheme is adopted for hazard mitigation. 
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A2.l Climate 
A2.2 Climatological Data 
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A2.1 CLIMATE 
Rainfall, wind direction and minimum temperature were 
recorded daily by Mr and Mrs Kedsley (Pembroke Street) from 
August 1981 through to October 1982. 
Minimum temperature, taken 0.25 m above ground level, 
indicated frosts chiefly occur during months June, July and 
August. 
Maximum rainfall was recorded in January 1981 {105 rom) 
and the minimum in July 1982 (10 rom). 
Data correlates well with information from the nearest 
meteorological station established at Trotters Creek (Lat. 
0 0 45 23'S, Long. 170 49'E). The meteorological station recorded 
499 rom of rainfall from August 1981 to August 1982 as compared 
to 558 rom noted for the study area. Based on data registered 
at Trotters Creek, 1981 was slightly wetter than average 
(647 rom, the mean being 623 rom) and 1982 much drier (547 rom). 
A2.2 CLIMATOLOGICAL DATA 
MONTH Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
RAIN (nun) 36 17 68 14 59 105 26 33 80 57 31 10 
MIN (OC) TEMP 3 4 7 9 11 10 11 9 6 5 3 2 
TROTTERS CREEK 
RAIN (nun) 
Fig. A2.1: Sununary of climatological data, recorded 
daily for the study. 
Aug Sept Oct 
22 28 104 
3 4 5 
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INTRODUCTION 
Consistency limit testing involved determination of 
Liquid, Plastic and Shrinkage Limits together with Hygroscopic 
water content. Testing was on "whole" samples thoroughly 
remoulded with coarse detritus removed (rock fragments, plant 
debris). Samples containing considerable quantities of 
organic matter proved difficult to test and results were 
ignored in some cases; soil cakes slide "en-masse" without 
deformation in the liquid limit apparatus cup and relevant 
moisture content determination was hindered by the presence 
of unabsorbed water which may have contributed to liquidity 
or plasticity of samples. 
A3.1 ATTERBERG LIMIT DETERMINATION 
Whole samples were thoroughly remoulded and saturated 
with distilled water to about the Liquid Limit, left for 
three days in covered containers and tested according to 
NZS 4402, Part 1, 1980. 
A3.2 SHRINKAGE LIMIT DETERMINATION 
Testing to establish Shrinkage Limit, Linear Shrinkage 
and Hygroscopic water content were carried out on saturated 
samples prepared for Atterberg Limit determination. A sim-
plified method of obtaining dried soil pat volume was devised 
which avoided the use of mercury, hence only approximate 
parameters are quoted. 
A3.2.1 Methodology 
1) Soil was thoroughly mixed with distilled water to a 
consistency fluid enough to be readily worked into a 
shrinkage dish without the inclusion of air bubbles~ 
2) Shrinkage dishes of known volume were coated on the 
inside with a thin layer of grease (silicone based) 
to prevent soil pat adhesion upon drying. 
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Fig.A3.1: Volume determination apparatus together 
with symmetrical dried soil pats . Note 
relative amounts of shrinkage associated 
with mudstone/volcanic materials. 
(dishes are all the same) 
3) Dishes were then weighed to 0.000 gms. 
4) One third of the dish was then filled with remoulded 
soil and the dish gently tapped on a firm surface to 
remove air bubbles; the process was repeated until 
the dish was filled. The upper surface was then 
trimmed flush using a spatula and excess soil wiped 
off. 
5) Dish plus soil was weighed to 0.000 gms. 
6) Samples were left to air dry for ten days and re-
weighed to 0.000 gms. 
7) Shrinkage dishes were subsequently placed in an oven 
(110°C) for 24 hours, cooled in a desiccator and 
re-weighed to 0.000 gms. 
8) Estimation of dried soil pat volume was by water dis-
placement. A glass jar, with ground upper edges was 
weighed to 0.00 gms (Ml) then filled with water and 
sealed by sliding a glass plate slowly over the upper 
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edge ensuring no trapped air remained in the jar. It 
was then re-weighed to 0. 00 gms (M2 ) . Symmetrical dried 
soil pats were sprayed with polyurethane clear plastic 
and allowed to dry. Coated pats were then immersed and 
sealed within the jar filled with water and the jar 
re-weighed to 0.00 gm (M3 ). (Fig.A3.1) 
The mass of individual plastic coats was assumed negli-
gible and dried pat volume was estimated from the quantity of 
water displaced calculated by: 
= 
where v0 = volume of dried soil pat. 
A3.2.2 Moisture Content {W%) 
Moisture content of the soil at time it was placed in 
the dish expressed as a percentage of the dry soil mass was 
calculated as follows: 
W% 
where W 
= 
= mass of wet soil pat obtained by 
subtracting shrinkage dish mass 
from mass of dish plus wet soil. 
w0 = mass of oven dried soil obtained 
by subtraction of shrinkage dish 
mass from mass of dish plus oven 
dried pat. 
A3.2.3 Hygroscopic Water Content {HW%) 
Water retained within the air dried soil cake at room 
temperature expressed as a percentage of the dry soil mass 
was calculated by: 
where w1 = air dried pat mass obtained by 
subtracting shrinkage dish mass 
from mass of dish plus air dried 
pat. 
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To enable HW comparisons air dried pats were weighed in 
the same day ie. samples equibrated to same air humidity. 
A3.2.4 Shrinkage Limit {SL%) 
Shrinkage Limit of a soil is the maximum water content 
at which a reduction in water content will not cause a decrease 
in volume of the soil mass. 
ASTM D427-6l {1973) 
SL% = W-( [ (V-V0 )/W0 ] X 100) 
where w = Initial moisture content of wet soil pat. 
v = Volume of wet soil pat. 
vo = Volume of dry soil pat. 
w = Mass of oven dried soil pat. 
A3.2.5 Linear Shrinkage (Ls%) 
Linear shrinkage of a soil is the decrease in one 
dimension of that soil mass expressed as a percentage of the 
original dimension when the water content is reduced from a 
given value to the shrinkage limit (ASTM D427-61, 1974). 
A3.3 
lOO[l- 3 /lOO/<vs + lOO)] 
where VS = The volumetric shrinkage and is calculated 
from 
V = (W -SL)R s 1 
where R, the Shrinkage ratio is calculated 
from 
TABULATED DATA 
Data is presented in tabulated format; appropriate 
corresponding profile descriptions outlined in Appendix 7. 
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WCATION: MOTOR CAMP AREA 
LITHOLOGY: Mudstone i Colluv urn 
Sample 
Depth Description 
0.35 
o.so yellowish-brown mudstone 
1. 75 
1.80 highly organic mudstone 
2.30 
2.6 
3.0 yellowish-brown mudstone 
4.2 
4.6 
5.3 
5.7 
6.3 
highly organic mudstone 
6.4 
6.42 
LOCATION: MOTOR CAMP AREA 
LITHOLOGY: Mudstone Colluvium 
Sample 
Depth Description 
0+1 m 
GEOTECHNICAL PARAMETERS 
Re er Appen 
HOLE NO. 1 
f 
Sand Silt 
% .. 
5 44 
5 50 
6 46 
5 47 
3 60 
4 60 
8 57 
6 39 
6 40 
6 44 
5 44 
6 48 
5 57 
8 46 
HOLE NO. Pl 
di X 7 
Clay 
.. 
51 
45 
48 
48 
37 
36 
35 
55 
54 
so 
51 
46 
39 
46 
f or Compre h i ens ve, 
Colloid PL% LL% 
' 46 30 79 
40 25 65 
39 24 68 
40 40 78 
33 22 51 
32 19 47 
30 25 55 
49 28 77 
49 28 78 
45 27 73 
46 36 85 
41 39 79 
35 42 77 
43 45 87 
(Refer Appendix 7 for Comprehensive, 
Sand Silt Clay Colloid PL% LL\ 
% % .. % 
10 67 34 20 20 39 
Lo 
PI 
49 
40 
44 
38 
31 
28 
30 
49 
50 
52 
49 
40 
35 
42 
Lo 
PI 
19 
1.0 m light reddish-brown mudstone 7 53 40 36 27 62 35 
2.0 m 
2.5 m 
highly organic mudstone 
3.0 m 
4.5 m 
5.5 m 
6.5 m blue-grey mudstone 
WCATION: DAVIDS ROAD AREA 
LITHOLOGY: Mudstone Co 11 UVl.Uffi 
Sample 
Depth Description 
o+l m light yellowish-brown 
mudstone 
1+4 m highly organic mudstone 
4->i:i m partly organic mudstone 
6+7 m light reddish-brown 
mudstone 
8 50 42 
6 49 45 
5 50 45 
7 53 40 
2 43 55 
7 43 50 
Re er Appen l.X 7 
HOLE NO. P2 
f d' 
Sand Silt Clay 
.. % % 
7 48 45 
10 42 48 
10 38 52 
11 37 55 
38 29 68 41 
40 32 80 48 
41 36 78 42 
35 30 68 38 
47 30 78 48 
46 26 72 46 
f or ComprehensJ.ve, Lo 
Colloid PL% LL% PI 
% 
39 28 65 37 
44 30 79 49 
38 23 68 45 
45 25 72 47 
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SL% Ls' HW% PI 
xl0- 2 i', Clay 
14.6 25.2 6.1 0.96 
10.5 22.7 6.2 0.88 
11.3 28.0 7.7 0.92 
7,1 26.1 6.5 0.79 
4.5 22.1 4.3 0.84 
6.4 19.9 3.9 0.77 
9.3 17.0 4.0 0.86 
9.3 23.9 7.2 0.89 
9.8 24.9 7.2 0.93 
10.7 25.2 6.9 1.04 
0.96 
0.87 
0.89 
5.4 25.3 4.9 0.91 
) 
SL% Ls% HW% PI 
xl0- 2 i'% Clay 
9.6 16.4 2.6 0.83 
9.7 22.6 4.6 0.88 
5.5 27.0 5.5 0.98 
6.6 27.9 5.3 1.06 
9.3 23.0 4.8 0.93 
5.0 26.8 5.7 0.95 -
5.1 28.7 6.1 0.87 
6.4 26.3 6.1 0.92 
) 
SL% · Ls' HW% PI 
xlo- 2 i'% Clay 
9.7 19.9 5.2 0.8·2 
8.8 29.1 6.3 1.02 
13.6 26.3 7.1 0.87 
8.5 28.2 7.1 0.85 
GEOTECHNICAL PARAMETERS 
LOCATION: DAVIDS ROAD AREA 
LITHOLOGY: Mudstone Colluvium 
HOLE NO. P3 
f i Re er Append x 7 for Compre h ensl.ve, Lo ) 
Sample 
Depth 
60 em 
1.3 
2.0 
2.6 
2.85 
3.25 
4.1 
4.6 
4.7 
Sand Silt Clay Colloid PL% LL% PI SL% Ls"' 
Description % 
"' 
% % 
6 43 51 45 24 67 43 13.3 22.3 
yellowish-brown mudstone 5 60 25 20 25 47 22 10.6 17.3 (partly organic in places) 
9 67 24 17 20 40 20 7.7 18.7 
hi,<Ihly organic mudstone 12 62 26 21 20 45 25 9.5 16.2 
5 55 40 37 22 56 34 10.3 20.5 
5 44 51 45 26 75 49 4.8 28.0 
light yellowish-brown 9 51 40 31 26 64 38 8.3 25.9 
mudstone 
8 49 43 33 31 68 37 7.0 26.8 
10 47 43 36 27 60 33 7.9 24.6 
BLUE-GREY HAMPDEN MUDSTONE 
(COLLECTED FROM "SOFTENED" HORIZONS EXPOSED ALONG SHORE PLATFORM) 
Sand Silt 
% % 
12 38 
11 47 
9 44 
13 41 
9 42 
Sand Silt 
% % 
28 38 
28 29 
35 36 
38 34 
25 53 
34 47 
55 25 
53 25 
57 29 
31 39 
Clay Colloid PL% LL\ PI SL\ Ls"' HW\ 
% % xlo- 2 
50 44 26 78 44 11.1 27.0 6.5 
42 36 23 60 37 8.2 24.0 4.1 
47 38 24 65 41 5.3 26.2 5.0 
46 39 21 63 42 6.5 27.6 6.2 
49 43 26 66 40 9.1 26.1 6.1 
DRIED, WEATHERED REGOLITH 
Sand Silt 
"' 
\ 
4 66 
8 45 
Clay Colloid 
% % 
34 30 
33 31 
29 26 
28 26 
22 19 
29 27 
20 14 
22 19 
14 11 
30 27 
Clay PL\ LL% PI 
% 
30 20 32 12 
47 25 47 22 
VOLCANIC REGOLITH 
(RANDCM SAMPLES) 
PL\ LL\ PI SL\ 
20 41 21 10.0 
19 43 24 13.0 
19 42 23 12.3 
18 35 17 8.6 
17 31 14 8.6 
20 41 21 13.9 
19 34 15 9.8 
19 35 16 11.0 
19 29 10 6.5 
18 39 21 7.0 
PI 
i'% Clay 
0.41 
0.47 
Ls"' HW% 
xlo- 2 
14.0 4.5 
14.6 4.8 
14.~ 4.6 
14.5 3.9 
12.8 3.5 
13.5 3.9 
13.0 2.4 
13.3 2.7 
12.0 1.6 
14.3 3.8 
PI 
i'% Clay 
0.88 
0.88 
0.87 
0.91 
0.82 
PI 
1, Clay 
0.63 
0.73 
0.79 
0.61 
0.64 
0. 72 
0.75 
0. 71 
o. 71 
0.69 
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HW% PI 
xlo- 2 I,. Clay 
6.4 0.84 
2.6 0.88 
3.2 0.83 
2.6 0.96 
6.1 0.85 
7.7 0.96 
5.0 0.95 
6.7 0.86 
6.1 0.77 
APPENDIX 4 
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A4.1 METHODOLOGY 
Grain-size analyses of samples were performed utilizing 
techniques outlined in Lewis (1981). Sand fractions were 
dry sieved (using 1~ intervals in the 1 to 4~ range) with 
silt and clay tested by pipette analyses. There is a tend-
ency for coarse aggregates and partially weathered material 
to break up with continued dry sieving hence to avoid bias 
all samples were sieved for a standard period of 15 minutes. 
Disaggregation for pipette analyses was done by hand 
in a solution of distilled water and Calgon (sodium hexa-
metaphosphate) then subjected to 10 minutes ultrasound 
treatment. 
Samples with excessive organic matter were treated with 
dilute (10-15%) HCl prior to boiling in 10% H2o 2 as outlined 
by Lewis (1981); the initial removal of Caco3 necessary to 
prevent formation of Ca oxalates. 
Carbonate content of fifteen, fifty gram samples were 
calculated from weight reduction after treatment with 15% HCl. 
A4.2 ANALYSED DATA 
To facilitate interpretation of data, results were 
presented adjacent to consistency limit data in Appendix 3. 
Grain-size distributions are relatively consistent for 
both mudstone and volcanic materials tested; two representative 
profiles are drawn solely for comparative purposes. 
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Typical Waiareka Regolith grain-size distribution 
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A5.1 METHODOLOGY EXPOSITION 
Pretreatments and preparation of samples for clay min-
eral X-ray diffraction are largely dependant on sample type 
and accuracy required. Lack of standardization in the liter-
ature means a brief discussion on methodology adopted is 
warranted. 
Initially sampling for clay mineral identification was 
from a grain size column during pipette analysis but results 
were subsequently ignored for two main reasons: 
1) Only clays reaching the columns top section 
during initial agitation are sampled and not 
the whole clay fraction. 
2) Normally sodium hexa-metaphosphate (Calgon) 
was utilized as a peptizer however results 
subsequently proved Calgon reacted with 
swelling clays producing unsatisfactory 
diffractograms with broad diffuse peaks. 
Jackson (1956) notes phosphate decomposes 
oxides plus aluminosilicates and may produce 
crystalline cac 2o4 which would interfere with 
analyses. 
Ensuing analyses were on material sampled from the whole 
clay fraction with clay flocculation prevented by Na2co3 (PH 
approximately 5) . 
Peptizers prevent flocculation by increasing PH (raising 
relative quantity of OH ions) so clay particles electronega-
tivity is maximised causing micelle repulsion. Compounds of 
hydrated monovalent ions such as sodium are frequently used 
since these ions do not effectively reduce clay negative 
charge (Buckman and Brady, 1969). 
X clay 
micelle Na 
Note: mudstone samples had high quanti s of smectites so 
separation of the clay particles into size fractions as suggested 
by Jackson (1956) as an essential aid to establish their 
presence was unnecessary. 
Cementing agents such as carbonates, oxides, organic 
matter, amorphous silica and alumina are normally removed by 
"pretreatment" of samples prior to testing since their 
presence: 
l) Prevents effect dispersion and hence hinders 
separation of the clay fraction. 
2) Act as dilutants, thus reducing diffraction 
intensity of crystalline minerals present 
(Whittig, 1965). 
3) Prevents effective orientation during slide 
preparation. 
4) Decreases sensitivity by lowering the ratio 
of diffracted maxima to background, ie. copper 
radiation was used which Fe compounds would 
absorb, flourece and emit non directional radi-
ation adding to overall background. 
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Chemical pretreatments were kept to a minimum. Carbon-
ates and soluble salts were removed with a NaOA buffer (PH=5). 
Carbonate extraction is essential since: 
l) Carbonate presence increases diffractogram scatter. 
2) Carbonate compounds form upon ion saturation 
(M+, Mg 2 +) 
Different cations may retain different quantities of 
water of hydration hence it is necessary clay samples be 
concentrated with common ions so hydration is uniform within 
each clay type to enhance accurate identification (Whittig, 
1965). Since preparation of orientated mounts involves air 
drying, cations which minimise interlayer absorption due tQ 
relative fluctuations in humidity were chosen to saturate 
samples; these were magnesium and potassium (potassium having 
a higher bonding energy than other monovalent ions thus low 
hydrationl. 
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Saturation with potassium also tests for closure of 
smectites and some vermiculite while leaving chlorite expanded. 
Samples saturated with Mg ions allows uniform inter-
layer absorption of water .(Whittig, 1965) when air drying and 
distinction of smectites when saturated with glycerol. 
Montmorillonite (Mg 2 +) absorbs double sheets of glycerol 
molecules amidst layers expanding to 17.7+18 R separating it 
from vermiculites and chlorites which remain at 14+15 R. For 
this reason glycerol was preferred to ethelene glycol which 
yields expansion of both smectites and vermiculites to approx-
imately 17 R. Montmorillonite readily forms complexes with 
other polar molecules of moderate size (Whittig, 1965) but without 
the advantages of glycerol assimilation which are: 
l) Intense first order basal diffraction, well 
separated from other peak maxima. 
2) Spacing and peak itensity of basal diffraction 
remaining unaffected by large variation in 
water content. 
3) Low volatility of glycerol resulting in an 
extremely stable complex. 
(MacEwan, 1946) 
X-ray diffraction of samples was on prepared orientated 
slide mounts, the orientation of flaky clay minerals enhancing 
diagnostic basal (001) diffraction patterns and obscuring less 
characteristic (hkl) refraction. 
Mounts were produced by evaporating flocculated samples 
from a medium of 95% ethanol. Segregation of clays was mini-
mised due to quick drying and settling interference caused by 
flocculatedclay. Both smear (outlined by Gibbs, 1965) and 
drop mounts gave similar results and since no quantitative 
analyses were attempted 11 drop mounting 11 was preferred due to 
ease of preparation and consistency of results. 
Heating of potassium saturated samples to 580°c for one 
hour enabled distinction between chlorites and vermiculites. 
Vermiculites contain non-exchangeable interlayer hydroxol 
212 
complexes which collpase at less than 300°C, whilst Kaolinite 
becomes amorphous at 550+600°C (Carroll,l970). Chlorite if 
present remains after heating having a first order peak of 
14 Rand a second order maxima of 7.14 R. 
Diffraction intensity maxima are related to the number 
of diffraction planes therefore relative intensities should 
provide an estimation of mineral concentration. However 
assuming no 11 screening effect 11 and 11 perfect 11 thickness is 
achieved in slide preparation a number of other factors apart 
from mineral concentration influence intensity maxima. 
l) Particle size 
2) Chemical composition 
3) Crystalinity 
4) Amorphus substances 
5) Variation in orientation 
(outlined in detail by Jackson, 
1956) 
Overlapping of diffractogram peaks, especially at low 28 
angles (mixed layer assemblages) makes it difficult to differ-
entiate background scatter and estimate a base line necessary 
for measurement of peak intensity and area. 
Based on this reasoning no quantitative X-ray diffraction 
analyses of clays was carried out. 
A5.2 METHODOLOGY 
5.2.1 Pretreatment 
Removal of Carbonates and Soluble Salts 
Reagents: Sodium acetate: IN adjusted to PHS with 
acetic acid 
Saturated NaCl 
213 
Samples (10 gm) were placed in 90 mls centrifuge tubes 
with 50 mls of sodium acetate buffer added to each. The 
solution was stirred and tubes placed in a water bath for 
approximately 30 minutes. Sediment was "settled" by centri-
fuging at 1500 rpm for 5 minutes, supernatant liquid was then 
poured off and sampled "washed" by adding 50 mls of distilled 
water, stirring and re-centrifuging (1500 rpm for 5 minutes). 
If the supernatant liquid remained cloudy a few mls of 
saturated sodium chloride was added and the sample re-centrifuged 
(1500 rpm for 5 minutes). (As specified by Jackson, 1956, 
NZSBS 1972). 
HCl was not used for carbonate removal due to its 
reaction with chlorite minerals. 
5.2.2 Clay Sampling 
Sampling of the whole clay fraction was carried out 
using a Multex centrifuge by the method outlined in Fig. A5.2. 
5.2.3 Ion Saturation 
Samples were saturated with either Magnesium or 
Potassium ions as outlined in Fig. A5.3. Care was taken to 
remove all chlorites prior to mounting otherwise salts (Mgcl 2 ) 
may have precipitated onto slides with evaporation. 
5.2.4 Mount Preparation 
Following ion s~turation a mixture of approximately 
50% flocculated clay and 50% solution o"f 95% ethanol was 
thoroughly mixed. Mounts were formed by placing samples drop 
by drop onto glass slides ensuring surface tension was not 
exceeded, then leaving to air dry. Thickness was assumed 
approximately correct if a felt tipped pen mark on the under-
side of the glass mount was obscured when placed horizontal 
on a bench yet visible if held to the light. 
CARBONATES & SOLUBLE 
SALTS REMOVED BY 
SATURATION IN NaOAc. 
··------ -------. I FURTHER I 
l PRETREATMENTSI 
:IF REQUIRED. I 
------- - _____ J 
WHOLE CLAY FRACTION 
SEPARATED OUT AND 
SAMPLED. (two 20ml sampes 
SATURATION 
WITH MAGNESIUM 
IONS 
Mg - SATURATED 
GLYCEROLATED 
run from 28- 1t 
K - SATURATED 
NORMAL RUN 
run from 28 - 35° 
DIFFRACTION PATTERNS DRAWN ON 
TO FACILITATE IDENTIFICATION 
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SAND AND SILT 
DISCARDED. 
SATURATION 
WITH POTASSIUM 
IONS 
K - SATURATED . 
HEATED TO 58(tC 
run from 29 - 1t:' 
THE SAME GRAPH 
Fig.A5.1: Flow diagram showing methodology adopted for 
clay mineral analyses. 
2l5 
Add a few WASH TWICE 
...---+------r------;mls of sat NaCI IF STILL CLOUD~' 
Pretreatment t 
remove soluble 
salts and 
carbonat s 
PROCESS USUALLY 
NEEDS REPEATING 
5 - 6 TIMES. UNTIL 
SUPERNATANT LIQUID 
CONTAINS NO CLAY 
(.liquid remains dear) 
Centrifuge an 
pour off the 
supernatant 
i i 
Add 50ml of 
water, stir and 
centrifuge 
Centrifuge at Add distilled 
:00 or 800 r.p.m water to 10cm 
to separate cia .---....----.above sediment 
(see NZSB 1972 and stir 
CLOUDY 
supernatant 
Add a few mls 
of sat N.aCI 
Cloudy liquid 
decanted ihfo 
500ml beaker 
To 500ml beaker 
containing whole 
clay fraction ,add 
H Cl drop by drop 
until PH· 3·5- 4. 
Allow to settle. 
NOTE :(1) A.! I water used is 
distilled. 
Pour off clear 
"---~---!supernatant. stir 
arid centrifuge . 
(2) Centrifuge washing 
is for 5mins at 
1,500 r.p.m. 
Saturate with 
Mg ions 
Pour off clear 
supernatant • add 
80ml of water. 
stir. and take · two 
20ml samples. 
CLOUDY 
supernatant 
CLEAR 
supernatant 
poured off 
CLEAR 
supernatant 
Saturate with 
K ions 
Fig.A5.2: Flow diagram showing methodology for sampling of 
whole clay fraction. 
CENTRIFUGE . 
LONGER. 
20 ml samples of 
whole clay fraction 
Flocculate by addition 
of approx 3 ml of 
MgCl2 
Wash twice in Mg(OAc) 2 PH=7 
One wash in MgCl2 
20 ml samples of 
whole' clay fraction 
Flocculate by addition 
of KCl(IN) 
One wash with 50% ethanol 
or methanol 
One wash with 95% ethanol 
until clear decantate 
shows no chloride test 
with AgN03 
t 
MOUNTING 
I 
X-ray diffraction 
.A5.3: Ion saturation methodology 
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5.2.5 Glycerolation 
Glycerol quantity required to expand smectites is 
dependant on abundance. The glycerolated mount should have 
a 'moist' appearance if not more glycerol is required, if 
excessively 'wet' too much has been applied (Jackson, 1956). 
Two methods were adopted for glycerolation: 
1) Prior to mounting a glycerol drop was stirred 
into the clay, ethanol mixture. 
2) A drop of glycerol was added to the orientated 
mount before completely air dry. 
5.2.6 Heating 
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Slide mounts were placed on asbestos tiles and heated 
0 to approximately 580 C for one hour. Slow heating and cooling 
minimised sample 'curling' and peeling. 
Rehydration was avoided by transferring the cooling 
tile plus slides to an oven set at 100°C from which the 
mounts were moved to the diffractometer for analysis as soon 
as possible. 
5.2.7· Analysis 
X-ray diffraction was carried out with a Phillips X-ray 
diffractometer using CuKa radiation maintained by a 1° diverg-· 
ence slit, a 0.2 mm receiving slit and a 1° anti scatter slit. 
The Norelco tube was run at 34 Ku and 34 mZ and diffraction 
patterns recorded at a scan rate of 1° min 1 
Untreated Potassium saturated mounts were run from 
20 to 35° to detect quartz, feldspar, calcite, plus other non 
clay minerals. 
Magnesium saturated gylcerolated samples were run from 
14 to 20° as were Potassium saturated, heated mounts. 
Three diffraction patterns for each sample were recorded 
on the same graph (Potassium normal, Magnesium glycerolated, 
Potassium heated) using different colours to expedite indenti-
fication. For practical purposes treatments (glycerolation, 
heating) do not alter the orientations within samples and direct 
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comparisons of peak intensities can be made. 
5.2.8 Identification 
Clay minerals are identified through a process of 
elimination by comparing all three X-ray diffraction patterns 
(Fig. A5.4, A5.5). 
Representative diffractograms for mudstone samples 
tested are presented; the identification process illustrated 
by annotating basal diffraction peaks with appropriate letters 
s = 
v = 
I = 
K = 
(S/I) = 
Fig.A5.4: 
X-ray diffraction 
spacings (obtained) 
from (001) planes 
of layer-silicate 
species as related 
to sample treatment 
(Whittig, 1965, 
Table 49 .1). 
smectite 
vemiculite 
Illite 
kaolinite 
mixed layer, 
Diffraction 
spacing 
(A.) 
14-15 
9,9-10.1 
7.2- 7.5 
7. 15 
17.7-18,0 
14-15 
10.8 
9,9-10.1 
7. 2~ 7. 5 
7. 15 
1-!-15 
12. 4-12. 8 
9,9-10.1 
7. 2- 7. 5 
7.15 
inferred smectite with illite. 
Mineral (or minerals) indicated 
Mg-saturated, air-dried 
Montmorlllon!te, vermiculite 1 chlorite 
Mica (illite), halloysite 
Metahalloyslte 
Kaolinite, chlorite (2nd-order maximum) 
Mg,.saturatecl, glycerol-solvated 
Montmorillonite 
Vermiculite, chlorite 
Halloysite 
Mica (1llite) 
Metahalloysite 
Kaollnite, chlorite (2nd-order ma..ximum) 
K-saturated, air-dried 
Chlort'te, vermiculite (with Inter layer aluminum) 
Montmorillonite 
Mica (illite), halloysite, vermiculite (contracted) 
Metahalloys!te 
Kaolinite, chlorite (2nd-order maximum) 
K-saturatud, heated (500• C,) 
u 
9.9-10:1 
7,15 
Chlorite . 
Mica, ve~miculite (contracted), montmor!llonite (contracted) 
Fig.A5.5: 
X-ray diffractions 
spacings (~) obtained 
from (001) planes of 
binary, regularly 
alternating, layer-
silicate species as 
related to sample 
treatment. (Whittig, 
1965, Table 49.2). 
Chlorite (2nd-order maximum) · 
Interstratified 
mixture 
Mg-saturated, Mg-saturated, K-salurated, 
air-dried glycerol-solvated heated (500• C.) 
----diffraction spacings, A, ----
Mica-vermiculite 24 24 10 
Mica-chlorite 24. 24 24 
Mica-montmorillonite 21 ~~ 10 
Vermicul!te- chlorite 23 2~ 24 
Vermiculite-montmorillonite 28 :J2 10 
M on tmorllloni te-ch lorlte 28 32 24 
28 S/I 
I I v ,s 
I, V 
1 ·1 
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DIFFRACTOGRAMS FOR "DRIED" 
HAMPDEN MUDSTONE 
K + SAT - normal run 
K 
7·1 
Mg 2 + SAT - glycerolated run 
+ K SAT - heated 
Clay Mineral Assemblage 
Kaolinite 
Illite 
Interlayered Vermiculite/ 
Smectite/Illite 
Peak reference enumeration 
in ?>11g stroms. 
2 
s 
12·4 
4 6 
18·0 s 
DIFFRACTOGRAMS FOR "SOFTENED" 
BLUE-GREY MUDSTONE 
K+ SAT normal run 
Mg 2+ SAT - glycerolated run 
s 
+ K SAT - heated 
100r,v,s 
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30 32 34 
Clay Mineral Assemblage 
smectite 
Vermiculite 
Illite 
Kaolinite 
Peak reference enumeration 
in Rngstrorns. 
29·5 
s 
1&0 
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DIFFRACTOGRAMS FOR VOLCANIC REGOLITH 
K+ SAT - normal run 
I,V 
10 I2 ·I 
' 
Mg 2+ SAT -glucerolated run 
I,S,V 
100 + K SAT - heated 
Clay Mineral Assemblage 
Smectite 
Vermiculite 
Hallyosite 
Illite 
Random interlayering 
between M/V/I 
Peak reference enumeration 
in ~ngstroms 
s 
12·4 
I,V 
10{) 
DIFFRACTOGFAMS FOR "SOFTENED" 
YELLOW-BROWN MUDSTONE 
K+ SAT - normal run 
K 
7·2 
+ K SAT - normal run 
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28 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 
B·OS 
z+ Mg SAT - glycerolated run 
100 i·,v ,s 
+ K SAT ""' heated 
Clay Mineral Assemblage 
Smectite 
Vermiculite 
Illite 
Kaolinite 
Peak reference enumeration 
in ~ngstroms. 
A6.1 
A6.2 
APPENDIX 6 
STRENGTH TESTING 
Triaxial Testing 
6.1.1 
6 .1. 2 
6 .1. 3 
6 .1. 4 
Introduction 
Mohr Failure Cri teri;:{n 
Apparatus 
Methodology 
Analysed Data 
Vane Testing 
Introduction 
6.2.1 In-situ Vaning 
Methodology 
Field Vane Profiles 
6.2.2 Laboratory Vaning 
Methodology 
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A6.1 TRIAXIAL TESTING 
Triaxial test apparatus enables measurement of stress-
strain characteristics for core samples within a controlled 
two dimensional stress field. 
Three consolidated, undrained tests with pore pressure 
measurement were performed to establish strength parameters 
for "softened11 Hampden mudstone. Each test involved analysing 
a cylindrical specimen, sealed in a water tight membrane 
enclosed within a perspex cell and subjected to a pre-determine< 
all round fluid pressure. Initially consolidation of samples 
was allowed to the confining fone by allowing drainage of pore 
fluid out both ends of the specimen. Full saturation of fine 
grained samples was expedited by application of a back pressure 
to the core which also dissolved any entrapped air. Once 
consolidated, drainage was prevented and an axial load applied 
to the sample at a predetermined rate, creating shear stress. 
Major principal stresses (o 1 ) are simulated by the axial 
load; the intermediate and minor stresses by the ubiquitous 
fluid pressure (o2 =o3 }. Thus shear stress within cores is 
equivalent to the deviator stress (o1 -o3 ). To obtain effective 
stress parameters pore pressure was measured during shear. 
Main differences between in-situ and triaxial test 
conditions can be summarised as: 
1) The isotropic consolidation pressures (o1 =~ o3 ) 
and biaxial shearing pressures (o1 >o2 =o3 } applied 
during triaxial testing differ from conditions in 
a natural slope ie. in the field situation material 
generally consolidates when o1 >o 3 • 
2) Core samples may not be representative of strength 
within larger in-situ masses ie. presence of 
'" partially 11 SOftened" mudstone may affect strength 
considerably within a small core sample. 
3) The imperceptible increase of stress in the field 
till incipient failure cannot be practically 
simulated during testing. 
Nevertheless, despite limitations the triaxial test 
is widely used because of advantages in controlling and mon-
itoring pore pressure, drainage and volume changes in the 
sample. 
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Only principal stresses are applied to specimen bound-
aries in this equipment hence the state of stress on other 
principal planes must be established via indirect means. 
Shear strength of triaxial core samples, or the state of stress 
on a propagating shear surface at incipient failure, is deter-
mined by application of the Mohr Failure Criterion. 
6.1.1 Mohr Failure Criterion 
A Mohr circle is a continuous set of points represent-
ing stress on different sections through a single point in a 
mass for a particular two dimensional stress field; thus at 
least one point on a Mohr circle must represent the normal 
and shearing stress associated with failure (Fig.A6.1). If 
a series of Mohr circles are plotted for varying stress con-
ditions it is apparent the resultant envelope encompassing 
these circles represents the locus of points associated with 
failure. The "rupture line" or "Mohr envelope" through failure 
loci is generally curved but often approximated by a straight 
line utilizing Coulombs equation. 
'T = c + crn Tan ~ 
where 'T = shear strength 
c = cohesion 
crn = normal stress 
¢ = angle of internal friction. 
In terms of effective stress Terzaghi's equation is 
applied. 
r = c' + (crn-)l)Tan ¢' 
where T' = effective shear strength 
c' = effective cohesion 
<P' = effective angle of internal friction 
)1 = pore pressure 
crn = normal stress 
T 
-------------------:.. -_:::..-..=-~-- .__, 
r 
/ ' / ....... 
//' ',,\ 
\ 
!:! ( 0 1 -0 3 ) T / \ 
__ j_ ____ .~-LJ/------~---\::-\ __ on 
B 01 
Shear stress (T) at point C 
T = CB = AC Sine 28 
AC is the radius of the circle = ~(01-03) 
-~ T = ~(01-03) Sine 8 
The normal stress (On) at_Roint C 
On = OA + AB = OA + AC Cos 28 
.: On = ~(01+03)+~(01-03)Cos 28 
Fig.A6.l(a): Mohr circle for a two dimensional stress field where 
01>02=03, point C represents the state of stress at 
failure, and 8 the angle of rupture to the horizontal. 
Point reDresenting 
stress at failure~ 
'-, 
,_ 
on 
', 
' 
' \ 
\ 
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I 
I 
I 
I 
I 
I 
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I 
I 
/ 
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', 
~,~, .. 
Mohr 
envelope 
Fig.A6.l(b): Mohr failure envelope; often curved at low stresses. 
. 
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. 
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6.1.2 Apparatus 
Apparatus and equi9ment .layout utilized for testing is 
shown in Fig. A6.2. 
Testing required two separate pressure systems: 
1) To maintain constant confining press1.1re (a2=a 3 ) 
2) To apply uniform backpressure. 
Confining pressure was maintained by compressing air 
within a loading frame chamber to the desired level which 
remained open to ubiquitous specimen fluid (a2 =a3 ). 
The second pressure system was connected via regulators, 
volume change burettes and de-aired water supply to a constant 
air source. 
Pressure dissipation via the loading ram was minimised 
by a 1 em layer of viscous oil floating on the cell fluid. 
Pore pressure was measured utilizing diaphragm pressure 
type transducers at the top and base of core samples. 
6.1.3 Methodology 
Undisturbed samples were extruded from 35 mm cores 
and trimmed normal to their axis using fine wire. 
To hasten pore pressure equalization 'filter drains' 
(made from Whatmans No.54) encased each sample reducing the 
distance water had to travel for pore pressure dissipation 
(Fig.A6.3) (Design outlined in Bishop and Henkel, 1957). 
Specimens were backpressure saturated and consolidated 
prior to testing. Backpressures of 250 kPa were applied in 
50 kPa increments with corresponding increases in cell pressure 
to avoid consolidation; pressure equibration being monitored 
via transducers at the top and bottom of each specimen. 
Effective consolidation pressures (350 kPa, 150 kPa, 100 kPa) 
were then applied and volume changes recorded using twin bur-
ettes. Consolidation was considered complete when volume 
change ceased which generally took a minimum of 24 hours. 
PROVING 
DE-AIRED WATE 
SUPPLY 
BACK-PRESSUR 
GUAGE 
Fig. A6.2: Triaxial Test Apparatus 
Fig. A6.3: Prepared triaxial 
sample encompassed by filter 
drain; arrows denote trans-
ducers used to measure pore · 
pressure at the top/bottom 
of specimen. 
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For reliable strength measurements a strain rate to 
obtain at least 95% consolidat~on was calculated from the 
method outlined by Bishop and Henkel (1957). 
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time to failure = 20 h 2 
n cv 
Drainage is radial and from 
both ends of the sample. 
where n = 
h = 
cv = 
35 
~ the sample 
height 
rrh 2 
lOOt 
100 
t1oo is extrapolated from a 
plot It in minutes versus 
change in volume during 
consolidation. 
Based on this, increasing strain was applied at a rate 
of 1.097 x 10- 1 mm per hour. 
Methodology and test procedure is outlined in Millar 
(1982) and Bishop and Henkel (1957). 
6.1.4 Analysed Data 
All samples exhibited plastic failure after 6.9% to 10% 
strain, consistent with expected behaviour of "softened" 
mudstone. 
Effective stress parameters are derived graphically 
. . . 
from Mohr circle plots (refer section 4.3.7). 
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UNDRAINED TRIAXIAL TEST THREE 
Effective Confining Cell Pressure 100 kPa 
3 4 5 6 7 8 9 10 11 12 
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,.- --·---- .. -····---~· , ........ 
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A6.2 VANE TESTING 
Principal objectives of in-situ vane testing is deter-
mination of accurate, undrained shear strength values for 
clays by minimising stress changes in the soil due to sampling. 
Interpretation of results is based on a number of assumptions: 
1) Soil failure is along the surface of the 
cylinder circumscribing the vane. 
2) Shear strength is fully mobilized on all 
surfaces and no progressive failure takes 
place. 
3) The remoulded zone around the vane is very 
small and has no effect on stress-strain 
properties of the tested mass. 
4) The undrained strength is the same in both 
vertical and horizontal directions. 
5) No drainage occurs during testing. 
Obviously some of these assumptions will not always 
apply hence vane testing should not be relied on for exact 
undrained strength values. 
6.2.1 In-Situ Vaning 
Field testing was at standard intervala (usually 25 em) 
down three shallow profiles using a Geonor vaneborer with an 
estimated accuracy of ±10%. 
Four inch diameter holes were augered to roughly 0.5 rom 
above sampling depth and the Geonor instrument carefully 
inserted to the required level. The 50 em penetration depth 
(appeoximately 5 x the diameter of the hole) avoids stress 
relief changes caused by augering (Cadling and Odenstad, 1~50). 
The following procedure was adopted for each sampling 
interval. 
1) Hole augered to the required depth. 
2) Vane shaft with dummy.head is slowly pushed 
in approximately 45 em, rotated and a rod 
friction component taken. 
3} A 16 x 32 mm vane was pushed to the required 
depth, without twisting, and subsequently 
rotated slowly at a constant rate until failure 
giving the undisturbed strength. Flaate (1966) 
notes any time lag of greater than 5 minutes 
from initial penetration to vane testing can 
alter strength values. 
4) The vane was turned at least 25 full revolutions 
and two more readings taken, the minimum of which 
was recorded as remoulded strength. 
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5) Material from the relevant depth was then described 
from remoulded. auger samples. 
Undrained strength was calculated by subtract~ng rod 
friction and multiplying vane readings by a constant. 
6.2.2 Laboratory Vaning 
Samples were tested using a Geonor laboratory vane 
by the following procedure: 
1) Samples (400 gm) were mixed with distilled H2o to 
approximately the liquid limit on a glass plate, 
then left for four days to equilibrate in plastic 
beakers (500 gm beakers). 
2) Specimens were then "jarred", by gentle tapping 
on a firm surface, to remove all air pockets and 
obtain even density, (orientation of particles 
and size segregation due to this is assumed 
negligible) • 
3) A 2 x 4 em vane was then lowered into the sample, 
making sure the vane was totally submerged, and 
subsequently rotated at 0.1 degree per second 
until failure (recommended rate by Cadling and 
Odenstad (1950)). 
LOCATION: Davids Road Area 
LITHOLOGY:. Mudstone Colluvium 
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'q .~ I ; ! I I 6, 
'•'1 
. ,~-----0~ ? "' ·~, 
" r···· --. '•"'0 ••• _ 
':::o \\ q---- -----\0 
~ log depicting relative 
abundance of organic matter. 
SENSITIVITY 
1.7 
1.7 
1.9 
1.2 
3 
1.4 
? 
1.2 
1.5 
1.5 
1.2 
(\..) 
w 
~ 
tn 
s s 
~ 0 
-,.; 
..c: ..c: 
.jJ P.! 
0., t1l 
~ $..; 
0 
" I 
0.2 
.4 
.6 
• 8 .l ~~' 
' I 
' I 
1.0 
1.2 
VI 
1.4 _,. 
I ' 
1.6 
LOCATION: Motor Camp Area VANE HOLE NO. 2 (neighbouring auger hole 3) 
LITHOLOGY: Mudstone Regolith 
DESCRIPTION 
light yellowish-brown 
{F,M,MP) 
dark greyish-brown 
(F,M,MP), partly organic 
light yellowish-brown 
(Sf,M,HP), par.tly organic 
IN-SITU W% (o) 
PLASTIC, LIQUID LIMITS (-) 
20 30 W'1]_()ER CSSNTEm- '!; 70 80 
.....-o I 
1-------0 I 
I--() f 
1---0 I 
UNDRAINED STRENGTH t/m2 
2 4 5 
Remoulded 
;· 
L 8 1"..', I light brownish-grey I 
' I 
2.0 
2.2 
' I 2. 4-1 '-
/ 
2.61:~ 
2. 8 ' 
I 
/ 
3. Q I' 
'I 
(Sf,M,HP}, partly organic 
light yellowish-brown 
(Sf,M,HP), partly organic 
1----0 I. 
J-.-l"l I 
l----0 I 
,;..--a I 
1-----o I 
ENSITIVITY 
Undisturbed 
2.3 
2.0 
2.3 
3.0 
2.6 
1.6 
2.2 
1.2 
1.6 
2.'8 
N 
w 
(J1 
LOCATION: Motor Camp Area 
LITHOLOGY: Mudstone Colluvium 
VANE HOLE N0,3 (neighbouring auger ho~e l) 
01 
'? s 
-
u 
..... 
.::: .::: 
...., 0. 0. rtl 
QJ 1-l Q t!) 
T 
o. 
1. 
DESCRIPTION 
light yellowish-brown 
(Sf,M,MP) 
dark reddish-brown 
(F ,D+M,MP) , partly organic 
light brownish-grey 
Vlj.
1 
(Sf ,M,MP) , partly organic 
1. 21,-, '''-~-----------------1 ,~" r 
·':1>.: 
1 4 ,;~.!/:t'i 
. >~\:; 
~,'<•-'tl,' 1.6 ; .. ,~~ 
, .. , "'.!; 
dark blueish-grey 
(Sf,M,HP), highly organic 
:::;~,I 
~:tr-------------------------------------1 l .. i=rf""',""' 
I' 
' 
light yellowish-grey 
'·l (Sf,M,MP), partly organic 2 • 2 r 
'I 
light brownish-grey 
(Sf,M,HP), partly organic 
2. 6-/ 
, 1 !light yellowish-grey 
2.8i ,'-' (Sf,M,HP), partly organic 
/ 
'/ 
3.oi ': 
/ 
'I' 
'r 
20 
I 
I 
1 
I 
I 
I , 
? 
I 
I 
I 
~ I 
I 
. 
I 
I 
...-6 I 
\ 
\ 
\ 
\ 
' ~ 
I 
<;l 
. 
I 
I 
I 
I 
I 
, 
. , 
~ I 
\ 
\ 
\ 
• . 
9 
' I 
I 
' ~ 
I 
I 
I 
I 
I 
~. 
\ 
\ 
0 
70 80 
UNDRAINED STRENGTH t/m2 
Remoulded 
/ 
I ;. 
Undisturbed 
\ 
1 
'\ 
SENSITIVITY 
3.5 
4.4 
. 
3.1 
2.9 
3.8 
2.8 
2.8 
1.6 
2.2 
2.8 
2.6 
1.7 
2.2 
_j 
N 
w 
0'1 
The vane was removed, cleaned, the sample "re-
agitated" and another.reading taken; the final 
value recorded being averaged from three such 
tests. 
4) Moisture content samples were taken from vane 
blades after the final extrusion. 
5) Samples were then spread on glass plates and 
dried up to 5 minutes by a fan; re-mixed for 
5 to 10 minutes then put back into 500 gm plastic 
beakers and the process from step (2) repeated 
for a drier moisutre content. 
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APPENDIX 7 
SUBSURFACE DATA 
A7.1 Introduction 
A7.2 Borehole logs 
A7.l INTRODUCTION 
Subsurface data on mudstone regolith and colluvium 
within the two study areas was obtained from ten boreholes 
(six augered and one drill hole) . 
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An Iwan 4" hand auger was used with aluminium extensions 
capable of augering to depths of 8 m. Maximum depth was sel-
dom attained due to: 
l) hole pinching below the water table, 
2) rock fragments plus plant debris preventing 
auger head biting into overburden. 
A Caldwell rig with 2' bucket was utilized for the 
drill hole. 
Description of remoulded samples was based on the 
charts shown in Figs A7.l to A7.7. 
No weathering terms was assigned due to the difficulty of 
ascertaining texture plus in-situ from colluvial material 
for thoroughly remoulded samples. However oxidation was 
outlined in terms of gleying and mottling based on New Zealand 
Soil Survey Method (1970) (Fig.A7.7). 
Characteristic greyish or blueish colours of gleyed 
horizons are produced by reduction of iron and maganese within 
the pro le. Reduction is most active within grey zones which 
on air exposure tend to change to yellowish or brownish colours 
yielding a distinctive colour intermixing known as mottling 
(Taylor and Pohlen, 1979). In may places the change is rapid 
and marked, in others scarcely detectable, apparently because 
ferrous iron is able to form stable compounds with other soil 
constituents (Bloomfield, 1953). The same mottling effect 
is produced if conditions are part oxidising and part reducing 
as in a zone of water table fluctuation. 
Organic material and the Uni ed Soil Symbol were 
assigned to material by methods outlined in ASTM D2488-69 
(Fig.A7.7). 
Significant horizons are highlighted in a generalized 
graphic log adjacent to profile description. 
organic material 
~ mass movement debris 
~blue-grey mudstone 
DESCRIPTION TERMINOLOGY UTILIZED 
Fig.A7.1: Cohesive soil 
strength (after McLean, 
1976, Table 4). 
Fig.A7.2: In-situ moisture 
content (after McLean, 
1976). 
Fig.A7.3: Plasticity 
scale 
1976, 
(after McLean, 
Table 6). 
UNCONFINED 
TERH DIAGNOSTIC ._FEATURES (~~~~E:s~~ !T~~gr~~~~ 
. = 9oJ2 X 10-J T/rt2) 
llnrd Dirfioult to indent q.~ 'thumbnail > 450 
Very StiH Indented by thumbnail JOO 
- '•so 
Stiff Indented by. thumb pressure 150 
- JOO 
Firm Indented only by strong rincer 
prossuro 75 - 150 
sort Eas~ly indented by .fingers J5 - 75 
VtJry soft Exudes botweon Cinaers when 
squeezed < J5 
Hois ture Content* 
A simple, objective cl.assi::fication based on appearance and. 
1 feel 1 • Tho terms are mainly selr-explanatory. 
Dry Looks and feels dryi cohesive soils usually hard, powdery 
or frinble, sranular soils run freely through hands. 
!-loist Soil !'eels cool, darkened in colourj c;ranula.r soilo tend 
to cohere, cohesive soils usually weakened· by moisture 
presence but one gets no .free n·utcr on hDnds when re-
moulding. 
\'et Soil feels cool, darkened in colour; granular soils tend 
to cohere, cohesive soils usually weakened and rree water 
.forms on hands when haridlingw 
Saturated A special ease or 1 ~et 1 , r7plicable only to soil below 
the ~ater· table. 
TERH PI llRY STRENGTH CUDE TEST RESULT 
(Air Dried) 
Non Plastic 0 - J Very low Fnlls npnrt cosily 
Si(lhtly Plastic ,, 
-
15 Slight Ens i>, crushed with ringers 
•loderntely Plnstio 15 - 25 Hedium Dif'f'icult to crush .. 
Jlighly P.lns tic > 25 High Impoeaible to crush with 
ringers 
Plasticity Determination and Terms (Rorers to -J61 
rraotion) 
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fiELO IDENTIFICATION PROCEDURES 
UNIFIEO SOli.. CI..ASSIFICATION 
INCLUDING IOENTlflCATION AND OE:SCfUPTiON 
TYPICAL NAMES 
!(Hivd•ng: pcrl!cles. IOl"QU-HHm :; mchu oM tla'ilfUl lr/JCtiOnS. on estimated wciOJtl$,} 
~ROUP· 
t>•"'!IOI..S 
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INFORMATION REQUIRED FOR 
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LABORATORY CLASSIFlCATION 
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$H"'u1NC) N(.tRPLASTJCUlollf) ~ 1-------------------------1 
.., I }J..,.,., ML lnQrq-onic ~1ib and lint s~nd~, rock. f,I~IK • 1.iUy Gi.vt t;pu:o.l Aamto utdiec.it dcqre• llnd I i· 
!CRUSHJNG !Ht!.t.Cl 
CHAH.l.CT(RISTICSI TO SliA 
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~ 
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I 
Nofte lo clig;ht 
Methum to h1qh 
SttgM to mechwm 
Slight to mod1um 
Mi9'n t<illfi"J high 
Mcd,><m to high 
QuJ(:;k. Jo de I I 
NGnt to very slow I !.1•d•um I CL 
Slow I Slight I OL 
Slow to nOn• I SliQht to mod1.vn I .. H 
--
Non• Hlqh I CH 
Ni:JNI to very slow Sliqht to m•C!ium I QH 
or c:loye)' hne W1lb shgftt plostle~ty. ChGf"oc1er of p!astJCJty~ llm~unt ond ~ 
momnum JJU ot cooru groms,e:4lor C: 
lru:rqonic clays of low :o mednun plasticity, grovtlly ;.~:~1~0=-a:~~n~d:.~ra;~·r:~;:~r ~ 
clayl, t.e.ndy c;Joys, ••Uy cloys, Icon ~loys. de,crlptfy• intormatam1 ond S)'mbol 
OrQonir; tilh ond orgonic lilt~r;lo;-f. Qt low 
plattielfy. 
l1t0rgcnic el.:lyt Qf hiqh plod4elty, lot cioys. 
Orqonu; clays cl rr~«dlu.m. ro hiqtl plndi,ity, 
in p.orclllhun. 
For undisturbed soilt .cad informc:ticn I ~
on stru(;turc, stratiiK.otioo,coosistanct ~ 
inl.ln.thstw-l:l:od nnd rtm~d stotn~ ~> 
llHUd><ro Gnd Oto!r.ogr condition&. : 
, ............ ,: .. 
Cloyay &lit. brown·, •liqhHy 
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num;rttu$ nrt~r:ol root l 
<~~~d dry lA pJoeci lous;IWLl 
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Fig.A7.5: Mottling 
Terminology (Taylor and 
pohlen, 1979) 
. A7.6: Gleying 
descriptions (Taylor and 
Pohlen, 1979) 
Fig.A7.7: Organic 
classification based on 
ASTM D2488. 
Contrast 
The relative contrast may be described as: 
Faint- Mottles are indistinct and recogni.sablc on1y by close 
ex-amination. Soil colours in both the matrix and the mottles ace 
similar. 
Dislinct~A1though not ttriking. the moUI~ are readily !een. 
The colour of the matrix is easily distinguished !rom that of th~ 
mottles. 
Prominent- The moHicJ are "Conspicuous and mottling is one 
o( the outstanding features of the horizon. 
Size 
The relative size of mottles is expressed ln terms of their 
greatest diameters as follows: · 
Flue- Less thon 5 mm. 
Medium-5-ISmm (0·2to()·6in.). 
Coarse- Greater than IS mm. 
Abundance 
The relative number of mottles can be cxpre.1sed by the 
words few, many, abundant, and profuse: 
Few- Mottle:s occupy leSJ thon l per cent of the exposed 
sud ace. 
Many- Mottle• occupy 2-20 per cent of tho e.posed surface. 
Ahttmfolll- Mollle5 occupy moro than 20 per cent of the 
txposcd sur(3ce, and arc 1et in a definite matrix. 
Fto/tts<- Mottles occupy alm05t the whole of the exposed 
surface, and there is no dear matrix colour . 
Weakly gleyed -Few gley motU., (lc.s than 2 per cent}. 
Moderately gleyed -Many gley motU"' (2-20 per cent). 
Strongly gleyed -Abundant gley mottle:t (more than ~0 
per cent, but not completely sley 
mottled). 
Very strongly gleyell-Aimost or completely gleyed (profme 
gley mottle. or diffwely gleyed). 
Highly Organic Soils-Contains fibrous plant debris 
in various stages of decay; 
when moist are dark-brown-black 
with soft spongy feel; 
distinctive odour. 
Partly Organic Soils-Composed predominantly of 
inorganic material; often dark 
brown-grey with some odour. 
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LOCATION: MOTOR CAMP AREA 
DATE: 13/8/81 
METHOD: 
0 
o. 3 -
Hand Auger (4 inch) 
COLOUR 
Dark brown 
topsoil 
Dark yellowish 
brown F M MP CH 
Lithology: Mudstone colluvium 
Hole No: 1 
ADDITIONAL DESCRIPTION 
Few medium faint mottles; 
some decomposed root 
fragments 
0.5 
;' ~ 't 
I H, 
I p:j I 
- w ~----------------~~--~--~--+---+---------------------------~---
8, Light yellowish Many medium faint mottles; 
, f'll I 
1 ::E: brown Sf S HP CH some decomposed root 
, o 't fragments 
I W 
1.0 - I ~ I 
'(.D 
' ~ '-
1 
Light yellowish 
brown Sf w HP CH 
Many medium distinct mottles; 
some decomposed plant 
material. 
1.5 - ' Light yellowish 
brown 
Abundant medium prominent 
mottles; small quantity of 
undecomposed plant material. 
\ I 
f -
I 
Sf w HP CH 
1.75-~'~,-4,----------~.~h-------+---1----+---+----r~.-h~--------.~------------------
' 1 0 ,11 Dark grey1.s H1.g ly organ1.c; many coarse 
:: ~ ,', brown Sf S HP OH distinct mottles; moderate 
~~~ ~ gleying. 
/, :!/ I 
\ \ j..l.J .... , 2.3 ;·;·):::·.::.: Dark brownish Partially organic, some 
· ··. ··· ··· · grey Sf S HP CH decomposed material; few 
:;':.:::-:.:::: medium distinct mottles; 
2 • 6 _ :.).::f .. :·.~:··.'l----------------i!-----il---+--+--+-m.:..::o.:..::d.:..::e.:..::r.:..::a.:..::t.:..::e'----'g"-"1"-e'-=y'-'l..:..::. n=-g.:....::..... ----------;,\:·"<·~.: Dark yellowish Some carbonaceous material; 
.,.,. .. , .. ~. rey F W MP CH few coarse faint mottles; 
.: .. ::if.'lt: g 
}:·~:}, Clasts of indurated mudstone. 
::: ~~~~~D-=-~-=~Y-b-r-~--n~i-s7h----~~.~~W-~~--+-C-H~-M-a_n_y_m_e_d~i~um--d7l.~.s-t-l.~.n-c_t_m_o_t_t_l_e_s_. __ 
: ·., ~ :· .. :.· Dark brown1.sh Few coarse distinct mottles. 
::: 5 ::_':.' grey F W MP CH 
4 
· 
0 
- j.r. oark brownish 
···· :·.: · grey F W MP CH 
Many coarse distinct mottles. 
... 
•,' 
~· ::·::: ··:: :.: .. : 
4.2 - . ', '.': : : ..,::l--,.----------:-----+--+--+---1----+---------:-c:-----=-:----:------------
': ·::·.: <:: Light yellowish Many medium distinct mottles. 
:: ... ·... grey 
. ·. ,. ,, 
F W MP CH 
..... 
, ,• 
4.6 ... '' - ·.' ..... ::.:, ·, _______________ _,_ __ __._ _ _._ ____ ..__ __ ....__ ____________________ __ 
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H 
t!l COLOUR H ADDITIONAL DESCRIPTION 0 :>i 0 
H f:-i (/) ::r: ~ H u f:-i f:-i u 0 H 
H t!l z p H J:Ll 0 
::r: ::r: z J:Ll f:-i f:-i H gj f:-i ~ ~ f:-i (/) (/) ~ P< z H :s H :>i J:Ll f:-i 0 0 z (/) 
0 t!l (/) u ::0: P< p 
4.6 ;::.::·:::·:-.:':: Light yellowish Abundant coarse prominent 
::::~;_:::.{ grey F w MP CH mottles; dark brown intensely 
... z··U)·· oxidised zones? :·~;H'· 
·.· ·:~·· 
5.3 - ·:· g:: ill:· 
.. 'J:Ll"' Light yellowish Many coarse faint mottles; 
·:: o: o'< / ~\.~// grey F w MP CH moderate gleying; dark brown intensely oxidised zones (?) 
.. ~ .. ·· 
5.7 :'.' . ',.;. ~ :· :\: 
, I ..._ ( ('11 Dark brownish Partially organic; many 
, I I '- ' 
....... , .... >' grey F w HP OH coarse faint mottles; dark \.:' (\•''t 
I \ brown intensely oxidised 
'lr r-t'-' 
......... 0 .... , patches ( ?) 6.3 - ' I (/l ' /, 0/ Dark brownish Partially organic; few medium /I(])/,. 
I 'r-1 '-; grey F w HP OH faint mottles; remnants of a 
, ' ro I\ I paleosol (?) 't p. I 
'I \ ) ,': 
6.4 ' /1", ,, \. ' I It Dark brownish Highly organic; contains / ;'/'/ j 'I ... / black VSf s HP OH clasts of indurated mudstone. 
'',"/.. / ~~ \ :';: 
I I ' \ / 
't,'\/ / 
6.5 - ' t, /1 I 
LOCATION: MOTOR CAMP AREA 
DATE: 4/2/82 
METHOD: 
0 
0.2 -
0.3 -
0.5 -
1.0 -
1.5 -
2.0 -
2.5 -
3.0 
3.5 
(.!) 
0 
....:! 
u 
H 
::q 
~ (.!) 
Hand Auger (4 inch) 
COLOUR 
Light yellowish 
brown 
Light greyish 
brown 
Light reddish 
brown 
Light reddish 
brown 
Light reddish 
brown 
Light reddish 
brown 
Light reddish 
brown 
Light reddish 
brown 
F 
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Lithology: Mudstone colluvium 
Hole No: 2 
ADDITIONAL DESCRIPTION 
Compact fill; stones of 
H SP CH various sizes within 
matrix. 
Many medium faint mottles. 
Sf M MP CH 
F 
F 
F 
F 
F 
F 
F 
F 
Hany coarse distinct mottles. 
M MP CH 
Many coarse prominent 
M MP CH mottles. 
Hany medium prominent 
M MP CH mottles. 
Abundant medium prominent 
M HP CH mottles. 
Ab~ndant coarse prominent 
M MP CH mottles 
Abundant coarse prominent 
M MP CH mottles. 
Many medium distinct mottles. 
M HP OH Partly organic 
Hany coarse distinct mottles. 
H HP CH 
4.0 
·::.:._:::--iJ.i:}. Dark yellowish 
: ::·.:::;(.:·: grey 
-Y\.~--~-:::~~------.....,------t---t---+--11---+------------·------:·· .. · ..: ~t·.:"' Dark reddish Hany coarse distinct mottles. 
CH 
: :·:".; ~ : ..\·; grey 
:::.~:·.:. 
- ~.<: ~;::.:.:.l---------,-----t---+--t--t---+----------,.---------
· .. ·:-;_:·.~>~. Dark yellowish Many coarse distinct mottles. 
;;,?!X~ bro= 
- ''' '''.'' . ,__ _________ __._ _ __._ _ _.... __ .......... _..__ _______________ _ 
4.7 
5.0 
F M HP CH 
F H HP 
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COLOUR H ADDITIONAL DESCRIPTION (.') H 
0 >; 0 
..:I E-i Cll :r: § ~ H u E-i u 0...::1 H (.') H lilO 
~ :r: z ~ z E-i t;::~ ~ ~ Cll P-1 H j H?-1 f:i E-i ~ §Cil (.') Cll P-1 
5.0 ·::·.;:~:--::::::.:. Dark yellowish Partly organic; many medium 
:.:; ~·;Cil; grey F M MP CH distinct mottles. m " : 5.5 - .; Dark blueish Highly organic, some undecom-
'I g ':.'~ 
~) 0 "< grey F M MP· OH posed material; moderate 
'' Q) ("\• gelying; volcanic rock t.-1'1 
' ro , ' 
6.0 ! P!;: "' fragments r--'-: ._::, Dark grey Clasts of indurated mudstone 0''' "~' s M MP CH augered up. ~8S 
6.5 [' '"" - ' 
LOCATION: MOTOR CAMP AREA 
DATE: 5/2/82 
METHOD: Hand Auger (4 inch) 
(.!) COLOUR 
3 
u 
H 
::r: ::r: 
8 ~ t:4 fil 
0 (.!) 
0 Dark brown 
topsoil 
0~ 0.3 - fil~ Light brownish 
1 ~\~I grey 
1(.!) ~' /fi! ;' 
0.6 "/' I :~~~u~'; Dark blackish 
<. ,H ... , ... I'~ '/ grey ~I' '/' 
'"'l!J,,;. tl..,p:: ...... 
'\ o><, 
1.2 'I .._·)' Light yellowish 
brown 
2.0 - ::r: Dark yellowish 8 
H brown 
....:! 
8 
3.0 - fi! Dark yellowish 
grey 
4.0 \\\\ Dark grey 
\,\ '~ 
'\ \' \: I'' ,\ 4. 25- ' '\ 
....:! 
H 
:>; 0 
8 (I) 
~ fi!~ H u 0 ....:! t:Jf£1 H fil 0 
z 88 8 ~~ fi! UlZ Ul HO ~ H:>i 8 ~u ZUl Ul t:4 ::::> 
Sf M HP CH 
VSf s HP OH 
Sf s HP CH 
Sf s HP CH 
. --
Sf s HP CH 
VSf s HP CH 
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Lithology: Mudstone regolith 
Hole No: 3 
ADDITIONAL DESCRIPTION 
Partly organic; many medium 
distinct mottles. 
Highly organic; moderately 
gleyed. 
Abundant co rase faint 
mottles. 
Abundant coarse faint 
mottles. 
Abundant medium distinct 
mottles. 
Clasts of mudstone within a 
saturated matrix; shear 
zone ( '? ) approximately 25 em 
thick. 
LOCATION: DAVIDS ROAD AREA 
DATE: 16/2/82 
METHOD: Hand Auger (4 inch) 
(.!) COLOUR 0 
..:I 
u ~ 
H (.!) 
::r:: ::rl z 
8 p. ~ p. ~ ~ 8 0 (/J 
0 Dark brownish 
grey F 
0.2 - ,, 
' ' Light brownish \I grey VSf 
' I 
\ \ 
I' I, 
1.0 - ' I I ' 'I Light brownish \ 'I -I 
t,/ -../ ' grey VSf 
',..:~, 
1.5 
\ ,t' I \ 
- / I 'I Light brownish 
' ' I 
' ' I' - grey VSf I 
'- I 'I 
'I' .. I 
I ' ' 2.0 - .... ' I 
' Dark brownish /' ,, 
', ~-~ > grey VSf 
' ~ ''\ 
lc:Q,I, 
' ~ / 
2.5 - I 0 I 
' ' 
', 0 I 1 Dark blackish 
' H' ' VSf I ~,I I grey 
' / ' ft!J..._II 
't ~ ~I" 
3. 2 - 'J 0 "'/\ Light greyish 
brown Sf 
3. 3 - ":.!,'IJ./,";. Dark blackish 
' '
1 V '1 
,}'l"' ... ''/ grey VSf \ •.. :'·) ,, ' ... 
,;,:,,<;; 
't"·/' .. , ... 
3.7 - .:.1,'-"~,_,~':/ 
' I ' 
Dark greyish 
'\ brown Sf I 
'\ I 
I 
4.0 - ~/'":,[(,';(, blackish /1, .. 11 Dark 
'/\ 'I I"' VSf ... ,._; .. !~'! grey 
~'/'1 ""11 ! '..../'·!'!~..''-
'';:'/'~/· 
4.2 >J/ ... """)-:-\'.,•'' Dark reddish ,ii;~· brown F 4.7 - Dark reddish 
.. -.::E:d~: brown F 
.. ;· (/J •. c:o • 
5.8 
::_·; ~ :;;=1: 
-·',· r·;.'.,., 
..:I 
H 
:>; 0 
8 (/J 
~ ~ H u 0...:1 
D ~ H ~0 
8 8 8 ~~ (/J z (/J 
H 0 ::s H:>; ~ u z (/J p. D 
M MP 
s HP CH 
s HP CH 
s HP CH 
s HP CH 
s HP CH 
w HP CH 
s HP OH 
s HP CH 
s HP OH 
M HP CH 
M HP CH 
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Lithology: Mudstone overburden 
Hole No: 4 
ADDITION DESCRIPTION 
Partly organic; many coarse 
distinct mottles. 
Partly organic; many medium 
distinct mottles; moderately 
gleyed. 
Partly organic; many medium 
distinct mottles; weakly 
gleyed. 
Partly organic; more de com-
lpo material; many medium 
distinct mottles; weakly 
gleyed. 
Partly organic; carbonaceous 
material; moderately gleyed. 
Many_ coarse distinct 
mottles. 
Highly organic; carbonaceous 
material; moderately gleyed. 
Partly organic, numerous 
decompoased plant material; 
many coarse distinct mottles. 
Paleosol ? 
Highly organic. 
Abundant coarse prominent 
mottles. 
Abundant coarse prominent 
mottles. 
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COLOUR H ADDITIONAL DESCRIPTION (.!) H 
0 :>-1 0 
H 8 (J) 
:r: g;J 8 H u 8 z () Q H 
H (.!) ::::> ~ H w 0 ~ :r: z 8 8 H ~ ~ g;J (J) z ~ !i; ~ H 0 H :>-1 w 8 ~ u s (J) Q (.!) (J) ~ 
5.8 .!'!.' )' ... '( Light blackish Highly organic; moderately If I I' I 
'I ' ... ,, ,..t grey F w HP OH gleyed. 
... /,' ' ,' 
' I r .. ' ' .. 
'r u , ... ,, 
6.0 - 't~ ~ ~'/, 1
' v, L' ht blackish Highly organic; moderately ,, ,',· J.g 
:"''~'< grey F s HP OH gleyed. 
- 'o,,' 
,, ... , I I 
.... , ' ~ ;··, ... 
'I I '\,'t..,' 
.5 - '\ , .. ~,1 6 
LOCATION: DAVIDS ROAD AREA 
DATE: 9/2/82 
METHOD: Hand Auger (4 inch} 
Cl COLOUR 0 
H 
u 
H 
~ :r: ~ Ill rLl 
Q Cl 
0 Dark brown 
topsoil 
0.2 -
\ ' ' Dark brownish I ' \ I 
' 
~ grey 
I 
' \ 
I -
0.65- \. / 
' 
/ Light brownish 
/ I 
... grey 
' 
I 
I ' 
' / / 1.2 - ' I 
' , Light reddish 
' 
/ grey \ 
' I 
' 
' 
/ '\ 
' 1.8 - Light brownish 
grey 
2.0 ~~~ 0"~; Light grey 
... Ul ... ... ' .-;·o,~t .. 
~' '- (}) '':.I 
/· ,.....j -, 
I C{j ',( 
3.8 
, .... f .. , 0-4 ... , ... ~ 
if(\~:~ Light reddish grey 
4.0 - : .. =~ ~:.:~:·: :: .:·; Light yellowish 
:: .. ::/~s{: brown 
'"'•' ...... 
5.0 - '!'~it Dark yellowish 
•. ·2§' ·· ... brown 
<·-: .. ;:·~·' 
·. ~· .. 
6.0 - \~;;';:·: Dark yellowish i~:~::i:: 
·~:o:::·.·: brown 
~:: ;:;: . : ·:.: 
.•: tfl•, .... : 
·::{I) ';.,-:: 
7.3 - ··.· ~:···,, i~~~ ~·.~ Dark grey 
'·.~~ 
"";...... .,."":--.".:_• 
~· ·":>'" 
..:...:.. >:..: ... : .-:-
7.4 - :::::·.:.:'!·..:....', 
::::::.\ :/:.'::: Dark yellowish brown 
::. :·.:;:}~; 
...... ; ...... 
7. 75-: :,·;:.::.: 
H 
H 
:>-t 0 
8 Ul 
~ ~ 8 H z u Q H 
Cl 1:) rLl H rLl 0 z 8 8 8 H ~ ~ Ul 6 Ul ~ H ~ H 8 ~ u s Ul Ul Ill 
Sf M SP 
F M HP CH 
F M HP CH 
VSf s HP CH 
F M HP CH 
F w HP OH 
F M HP CH 
F M MP CH 
F M MP CH 
F M MP CH 
F D MP CH 
F M MP GI 
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Lithology: Mudstone colluvium 
Hole No· 5 
ADDITIONAL DESCRIPTION 
Partly organic; many medium 
distinct mottles. 
Partly organic; some undecayed 
material; abundant coarse 
distinct mottles; weakly 
gleyed. 
Partly organic; many coarse 
distinct mottles; weakly 
gleyed. 
Many medium distinct mottles; 
partly organic. 
Few medium faint mottles; 
partly organic. 
Many medium distinct mottles. 
Many coarse distinct mottles. 
Abundant medium prominent 
mottles. 
Abundant medium prominent 
mottles. 
Clasts of mudstone; apparently 
sharp boundaries between 
horizons • 
Abundant medium prominent 
mottles. 
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....:1 
l9 COLOUR H ADDITIONAL DESCRIPTION 0 ~ 0 ....:1 Ul 
::r: ~ E-1 H u E-1 z u Q ....:1 
H l9 i:J l:.il H l:.il 0 
~ ::r: z E-1 E-1 E-1 H ~ ~ ~ Ul z Ul lL< p., H 0 ~ H l:.il E-1 0 u § Ul Q l9 Ul ~ P< 
7.75 .\'\·~:,·\ Dark grey Clasts of mudstone; apparently 
.. ,·.~: F D MP CH sharp boundaries between \•. ·. ·,,· 
·: ,. " .. horizons. \ ~,)::~ \ .. ~· .. ·. ". 
7.8 - '·'·Ul· .,\ 
:> ~!: .. :~ Dark yellowish Abundant coarse prominent 
.. ·IJ::l.:·.- brown F M MP CH mottles. 
··.:o· ... 
' .... ·. 
8.3 - ·~··~:·~\~ ~·~"'' Dark grey Clasts of mudstone 
. ·' ~'('" F D MP CH ~·:a· .. ; 
~: ~)-;:., 
'i-:' Ul\> 
8.5 •' . l. ' - ':<:~~.:;:· Dark yellowish prominent ·.:: :,.:.,. Many coarse mottles 
\:\:.:::/:\:: brown F M MP CH 
: ~ .,.: .:.:.:'-. ~·:;. 
8.6 - ·:::::~·: ·: 
LOCATION: DAVIDS ROAD AREA 
DATE: 17/2/82 
METHOD: Hand Auger (4 inch) 
0 COLOUR 0 
H 
:r:: 
u 8 
H 0 
:r:: :r:: :z; 8 p.. ~ p.. ~ rz:l 8 
Cl 0 (/) 
0 Dark brown 
topsoil Sf 
0. 2 -
'\ I ' I Dark brownish 
'/ ' F / grey 
' I ' 
' / 
0.6 - ' I Light yellowish 
brown Sf 
0.7 
'I '/' Dark blackish t' O!t 
'1 "'Ul " 't grey VSf ... , '0 {' 
·;· Q) I I 
'; •.--f ( / 
,,fO" 
1.1 1, Pi(•, 
.. ·.:..,, ... •:'. Light yellowish ~r~t grey Sf 1.2 - Dark blackish 
}:.~·~~·( grey VSf 
'l ~/t .;, '(, 
... /''' . " 1:., .• q, 
2.1 - -;;,;j.'f.~ I .,. \ • Dark blackish ':; ~~:·:(.';. 
;. I~';·./·'./ brown VSf 
.. ": .... ~·r· ~ 
.{,.:; .~ I ~ t, '(.' 
3.2 - r (/) .1 
> ~' .. Dark brownish 
' iQ f . grey Sf /. rz:l 
Cl \ ' 
' . 
I, 8 I·· 
3.6 - '. :z; ' . 
·.: ~ ::·: Dark yellowish 
.. :~. brown F :::·o :·.'.: 
". ::0: .. 
5.5 - ::·~<: '· ~ .... yellowish . .. Dark ... . .. 
. . · 
· .... . . •' brown F .. '•;. ·:. · . 
.. 
·:::·.· :. : >.:· 
......... ' ..... 
6.0 - ·.· .. : ... 
·:·:: .:·: ... '. Dark yellowish 
..... 
... brown F 
··!·.:. '. 
:·: .. 
7.0 - ?.·:·::·:·: ~:·.: .. :::' Dark yellowish 
. : ·:. :. ·:· 
.. 
•' grey F 
... : : 
'• 
.:;·, .. ·: 
.. 
· .. 
- ...... ·.·. 
.. 
7.5 
H 
H 
:>! 0 
8 (/) 
~ 8 H :z; u Cl H 
l:J rz:l H rz:l 0 
8 8 8 H ~ (/) :z; (/) ~ H 0 j H 0 u :z; (/) 
::0: p.. l:J 
M SP 
M MP CH 
s HP CH 
s HP OH 
s HP CH 
s HP OH 
s HP OH 
w HP CH 
w HP CH 
w HP CH 
w HP CH 
w HP CH 
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Lithology: Mudstone colluvium 
Hole No: 6 
ADDITIONAL DESCRIPTION 
Partly organic; abundant 
coarse prominent mottles. 
Abundant coarse prominent 
mottles. 
Highly organic. 
Many medium distinct mottles. 
Highly organic; numerous 
undecayed plant fragments. 
Moderate gleying. 
Highly organic; possibly an 
old soil horizon. 
Partly organic; some undecayed 
plant material. Moderately 
gleyed. 
Many medium distinct mottles. 
Many coarse distinct mottles. 
Abundant medium proml'nent 
mottles. 
Many medium distinct mottles; 
clasts of mudstone colluvium 
matrix. 
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H g COLOUR H ADDITIONAL DESCRIPTION ~ 0 H Ul 
~ ~~ H u u Cl H 
H l':l ~~ H f:ilO ~ t:r1 z 8 ~~ 0.. ~ UlZ Ul P-< ~ HO j H:>l f:.4 8 ~u s(f) Cl Ul 0.. 
7.5 ~.''"·~·;::;:·,.; Dark yellowish Many medium distinct mottles; i~~; ~·r~: grey F M HP CH clasts of mudstone colluvium m~:. ~·;~: matrix. ~:;oq;r 
., ' 8.0 - ·'::Ei.-CJ"· 
253 
LOCATION: DAVIDS ROAD AREA, base of batter slope 
DATE: 15/2/82 
METHOD: Caldwel Rig; two foot bucket; 
Rernoulded samples taken every 50 ern. 
l') COLOUR 
0 
H ~ E-i u ::1:1 :z; 
H E-i t:J ~ 
::1:1 ::1:1 :z; E-i E-i 
E-i p., ~ Ul :z; p., ~ H 0 ~ E-i ~ u c::l l') Ul 
0 Dark brown 
topsoil Sf M 
0.5 - t/ / Dark yellowish 
/ .... /' 
' ' / brown F M 
I / ' \ 
/ .__, / 
\ 
' 1.0 - Dark yellowish 
brown F M 
1.5 - ~ ::z:1~ I Dark yellowish 
E-1-
' H / brown F M / H 
' 0' I l') 1 
' ~' 2.0 - I / Dark yellowish 
brown F M 
2. 5 - Dark greyish 
brown F M 
3.0 - Dark greyish 
brown F M 
3.5 
" ' ' Dark blue 
" '' "' " ' F M " ............. grey ~"........', 
4.0 - "........~ Dark blue ~ """ grey F M ""........~ 
4.5 
""" 
-
"" "' 
Dark blue 
[".... ,'" grey F M ~0" !"...."~ 5.0 - Dark blue 
'"-"........ "'~ grey F w ~~ ........ 
5.5 -~~ Dark blue 
~ ""':: grey F w 
6.0 _f'........' ''........ 
H 
H 
:>! 0 
E-i Ul 
H 
u c::l H 
H ~ 0 
E-i H ~ Ul ~ ~ H :>! ZUJ p., t:J 
SP 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
HP CH 
Lithology: Mudstone regolith 
Hole No: Bl 
ADDITIONAL DESCRIPTION 
Partly organic; many medium 
distinct mottles; rock 
fragments; shells. 
Many medium distinct mottles; 
volcanic rock fragments; 
shells. 
Partly organic; some undecayed 
material; many coarse distinct 
mottles; moderate gleying. 
Many medium distinct mottles. 
Few medium faint mottles; 
clasts of mudstone within 
regolith matrix. 
Few medium faint mottles; 
large clasts of mudstone 
within regolith matrix. 
Few medium distinct mottles; 
large clasts of mudstone 
within regolith matrix. 
Few medium distinct mottles; 
large clasts of mudstone 
within regolith matrix. 
Few coarse distinct mottles; 
large clasts of mudstone 
within regolith matrix. 
.. 
Few coarse prominent mottles; 
large clasts of mudstone 
within regolith matrix. 
Few coarse distinct mottles; 
large clasts of mudstone 
within regolith matrix 
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<!l COLOUR ...:! ADDITIONAL DESCRIPTION H 
8 :>-! 0 E-t Cl) 
~ ~~ H u u Cl...:l 
H <!l Dlil H lilO ::r: ::r: z E-tE-t 8 ~~ 8 ~ ~ mz Cl) ~ ~ HO ~ H:>i lil 8 ou §Cil a <!l Cl) ;:'!; ~ 
6.0 \\ ' \ Dark blue Hard, unweathered mudstone. 
\~\ grey F M H CH 
\\\ 
_!\ \ 9 m 
LOCATION: MOTOR CAMP AREA 
DATE: 15/8/81 
METHOD: Hand Auger (4 inch) 
(9 COLOUR 
0 
H 
::r: 
u 8 
H (9 
::r: ::r: z 
8 ~ ~ p.; J:i.1 8 
0 (9 U) 
0 Dark brown 
topsoil 
o. 2 - ~ Light reddish 
H brown F p:; 
J:i.1 
8 
1.0 - ~ 
0 Light reddish 
J:i.1 brown F ~ (9 
1.5 - ~ Light reddish 
brown F 
2.0 ~1 1 ' /.:._1 1 Light greyish 
';','\'' .. " 
\ '/ .I I brown VSf /,j', :!t 
.... /", .. , .. ,, 
,,... .. ,..;"', ... 
'1~ Q~~ 
2.5 - ... ,.., Ul I,' ,,, 0'!" Light blueish '/' (J) 'A 
,,~ r-f ........ , grey F ...... ((j I I 
.......... ~~ ,' 
,;~\. /"() 
~I I I .. ~~ 3.0 ' ' ' Light reddish 
brown F 
3. 5 - Light reddish 
brown F 
4.0 - Light reddish 
brown F 
~ 
H 
4. 5 - H 0 Light reddish (9 
~ brown F 
5.0 - Light reddish 
brown F 
5.5 
- """ . "'- ·~ L~ght blueish ~ "'-"S:: · grey Sf 
"'~ _:::~~ 6.0 
H 
H 
~ 0 
8 U) 
~ 8 H z u 0 H 
l:J J:i.1 H J:i.1 0 
8 8 8 H gj U) z U) ~ 
H 0 ~ H ~ ~ u s U) p.; 
M SP CH 
M SP CH 
M SP CH 
s HP OH 
M MP OH 
M MP CH 
M MP CH 
M MP CH 
M MP CH 
M MP CH 
M MP CH 
255 
Lithology: Mudstone colluvium 
Hole No· Pl 
ADDITIONAL DESCRIPTION 
Many coarse distinct mottles. 
Many medium prominent 
mottles. 
Abundant medium prominent 
mottles. 
Partially organic, some 
undecomposed material; few 
coarse distinct mottles; 
weak gleying . 
Partially organic; some 
undecomposed material; 
coarse distinct mottles; 
weak gleying. 
Abundant medium prominent 
mottles. 
Abundant coarse prominent 
mottles. 
Abundant coarse prominent 
mottles. 
Many coarse distinct 
mottles. 
Many medium distinct 
mottles. 
Few coarse distinct 
mottles. 
, 
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l!J COLOUR H ADDITIONAL DESCRIPTION H 
0 :;... 0 
H E-i (}) 
::r:: ~~ H u E-i u a H 
H l!J ~~ H r:LIO ::r:: ::r:: z E-i ~~ E-i ~ ~ (J):Z, (}) Ill HO ~ H:>< r:LI E-i ou s(J) a l!J (}) ~ Ill 
6.0 \:"' ', Light blueish Many medium distinct 
'- ~ grey F M MP CH mottles. \_','-~ 
6.5 -~\"" 
LOCATION: DAVIDS ROAD AREA 
DATE: 10/8/81 
METHOD: Hand Auger (4 inch) 
(,!) COLOUR 
0 
H 
C) 
H 
:::r:: :::r:: 
8 ~ P-l ril Q (.!) 
0 Dark brown 
topsoil 
Q ~ 
0.3 - ' ILl ::;! I~ riJ Light yellowish 
"i 8' 
'(,!) ~: brown 
I ~ / 
f .. 'I 
\ ; ' 
/ ' I ' \ / 1.0 
' 'I '" I I Dark blueish I''/ .... ' 
't''"'VI'/ black , VII~ 1 .!'/~4)1 
/' ',' .. 
''/ ,r,..; .. :' ' 
2.0 - '1..::\/./' 
'/ ~ / I I Dark blueish '/~~ .. i~' 
<-.1 .. " .~, black ,,.. ,,,, {'"' 
..... ,!,'/ ... >' 
..... ~;, ,' .. ' 
\ t \ " I' 
3.0 - '//1,'/" ,. . , Dark blueish ,' 'l' , ... J 
',,_, 1';...:· \<, ... , ''/""' black 
/t/'1' 'II 
... ,.;··f',;.f .. 
""r ' ' , ' 
'/'I"' ," 
4.0 , 'I' I I 
\ I' / ' Dark blueish 
' 
/ ' grey 
I \ I 
\ / 
' I 
' 
I 5.0 
-' I' 
I \.I I Dark blueish 
' 
' 
' grey 
I I I I 
' ' I,/ I 
6.0 I ' ' Light reddish 
brown 
7 .0 -
>< 8 
:::r:: ~ 8 H 8 z C) (,!) ~ ril H z 8 8 
~ (f.! z (f.! H 0 ~ 8 ~ C) (f.! P-l 
Sf w SP 
VSf w HP 
VSf s HP 
VSf s HP 
VSf s HP 
VSf s HP 
VSf s HP 
VSf s HP 
H 
H 
0 (f.! 
0...:1 
rilO 
~~ 
H>; 
s(f.! 
CH 
OH 
OH 
OH 
CH 
CH 
CH 
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Lithology: Mudstone regolith 
Hole NO: P2 
ADDITIONAL DESCRIPTION 
!Partly organic; some 
undecayed material; many 
coarse distinct mottles; 
weakly gleyed. 
Highly organic; moderately 
gleyed. 
Highly organic; strongly 
gleyed. 
Highly organic; strongly 
gleyed. 
Partly organic; some 
undecayed material; many 
coarse distinct mottles; 
moderately gleyed. 
Partly organic; some 
undecomposed material; many 
medium distinct mottles; 
moderately gleyed. 
Abundant medium prominent 
mottles. 
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LOCATION: DAVIDS ROAD AREA 
DATE: 12/8/81 
METHOD: Hand Auger (4 inch) Lithology: Mudstone colluvium 
Hole No: P3 
COLOUR ~ ADDITIONAL DESCRIPTION 
0 
Ul 
Of-1 
rx:lO 
};j~ 
H:>i §Ul 
SP CH .. :·:~·.~ ~:::::;:; D~~~s~~~wn ~·; :.:: ... : ~ 
0 
Sf M 
o · 25 - ;):)};: Light yellowish 
:'l, if} ;~;; brown 
Partly organic; many medium 
CH distinct mottles. 
. 'H " 
,y p:; ~· 
~.: a:! :t. ' 
F M MP 
•/:' rx:l .,-.. 0. 5 - .. : t=l '·· 1----b---. -h----if-----f--+--+---+---1------::,-----d---~· .... ;,.; Dark rown~s Part y organ~c; some un ecom-
1. 8 ,.· \.: z ·.~ grey F M MP CH posed root fragments; many 
t ~ · .. ~.: medium distinct mottles; 
'./· ;> ..: weak gleying. 
1. 5 - ·:: 0 :. . . 
... ~ . ·:. L~ght redd~sh Many medium prominent 
::. ~ :::: brown F M MP CH mottles. 
<. t'l! .:: . 
• ,:. ::E: · •• 
. . .. . · 
2 " 8 _::-:·::.;;·.: L' ht brown~sh .~~. ',./' ~g ..... Partly organic; abundant 
CH medium distinct mottles; 
moderate gleying. 
3.1 
3.6 
: . . ~ ·".\ 
:':.·· ·:;,. · grey 
. ';~ :~·· ·~ 
·_"':.:;-C.:·' 
··'· : ~·.:~ 
·:·;g :'ci ::' Light yellowish 
·:.'1::1: 2 ··: brown 
... ?! ·,..-~ · . 
....... 'j..j •. 
··'H ·O · .. 
''. ~ ·..C: :. 
··· ······ L' ht b ' h 
·.·.·:.:::·; ~g rown~s 
! ~·.::.:.; .. ::·:: grey 
.. : ... ~f.:,·::-·~:· 
F M 
VSf w 
F M 
MP 
HP 
MP 
Abundant coarse distinct 
CH mottles; moderate gleying. 
Many coarse distinct 
CH mottles. 
\ t r.n. '• •' 
4 • 1 - ::~. ~ ~··:·: L · ht brown~ 'sh ::' ..... :.:.L ~g ..._ Many medium distinct 
CH mottles. F M MP . • a:! '•' 
=·: ~: >·, grey 
::: f;.;',· .... ~ 
.... z /·.:: 4. 6 - ··, rx:l: .•. t---------:-, -:h---t---t---it---t---t--::-----::---:::----.-:--:--::----
· . .- ;:;:; ,·: .. Dark brown~s Clasts of mudstone w~ thin 
:':' ~;:;: grey F M MP CH regolith. 
:;,: 0 ::·.: 
.. ·~ .... 
. :.; ~·.:·:~ 4. 8 - ,:,- f'l!: .. , 1--,-------c.-h--t--+---1--+--+------. -------
·:. ~·:·.:. L~ght yellow~s Abundant med~um prominent 
'::; :.::->·, brown F M MP CH mottles. 
:·~·!.~~:.·::·:~·.: 
5. 0 - ~::·:· .': ·.'·:·.L..,__ ______ ___JL_.,.--.1.---L---L.~-L....---------"------
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INTRODUCTION 
Piezometers in conjunction with standpipes were· 
installed at three locations to monitor groundwater pressures 
over a one year period from August 1981 to August 1982. 
Piezometric level at a point is the elevation to which 
water eventually rises within a small tube seated into the 
appropriate horizon. Groundwater pressure (~) at a point is 
equal to the piezometric level (hp) minus the elevation of 
that point (h) multiplied by the unit weight of water (Yw) 
~ = Yw(hp-h) 
Significance of data recorded from these types of device 
is largely dependant on 'response time' which apart from the 
physical properties of.ambient material is dependant on: 
A8.l 
1) size and permeability of drain surrounding 
the piezometer tip, 
2} diameter of piezometer/standpipe tubing, 
3} presence of entrapped air. 
CONSTRUCTION 
Both piezometers and standpipes comprise lengths of 
P.V.C. conduit, perforated at selected intervals, and the 
porus sections encaSed in several layers of synthetic filter 
cloth. Generalised construction is depicted in Fig. A8.1. 
Drains (approximately 10 em diameter) enclosing piezo-
meter tips were backfilled with very fine, well sorted sand 
to prevent clogging by ubiquitous clay. Drains were assumed 
to have negligible affect onmeasuredpore pressures, ie. 
Vaughan (1969) notes drain permeability may be in the order 
of ten times greater than the surrounding material before 
causing significant influence on pore pressures. Thin layers 
of coarse gravel were incorporated within some drains, below 
the water table, to facilitate ramming of concrete/bentonite 
sealer horizons. 
STANDPIPE 
Perforated 
12 rom conduit 
wrapped in 
filter cloth 
clay 
backfilled 
PIEZOMETERS 
\ 
Large diameter 
P.V.C. tube and 
rom P.V.C. 
clay backfilled 
Rammed (dry) cement 
aggregate 
sorted sand 
"drain11 
Fig.AB.l: Generalised construction details for·ground water monitoring•. 
devices; note "drain" bentonite/aggregate thickness is site 
specific (diagram based on P3). 
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Systems were assumed self de-airing with piezometer/ 
standpipe tubing of sufficient diameter to allow any entrapped 
air to rise freely to the air-water interface, ie. Vaughan 
(1974) states a 'clean' conduit diameter of 12 mm is the 
minimum for the self de-airing process. 
PLAN SECTION 
CROSS SECTION 
--. 
__ 7__ 
- 1 ... (,/,( 
~''t'''f 
-..\ ~ /', 
I '-' /1 
S7 
,jl,,-
' ...... '· 
If !'--" ;::_' ~ "'""' t'--['-. ~" 
" "' ' 
" " " :, ~
19 mm P.V.C. conduit 
'nternal clear P.V.C. 
nail holding clear P.V.C. 
graduated, flexible section of 
clear P.V.C. 
cork dust marking maximum interim 
pore pressure 
19 mm P.V.C. conduit 
current groundwater pressure 
Fig.A8.2: Schematic diagram portraying 'cork dust' method 
of recording maximum interim pore pressure. 
A8.2 TABULATED PIEZOMETER/STANDPIPE DATA 
MOTOR CAMP AREA DAVIDS ROAD AREA 
MOTOR CAMP INSTALLATION COASTAL INSTALLATION DEBRIS SLIDE INSTALLATION 
WATER LEVEL BELOW WATER LEVEL BELOW 
DATE GROUND SURFACE DATE GROUND SURFACE 
GREY ~~~~ED GREY GREEN GREY GREEN BLUE 
TUBE TUBE 
03.08.81 0.32 m 0.31 m 03.08.81 0.34 m 0.47 m 0.83 m 0 
12.08.81 0.34 0.41 0.68 0 
16.08.81 0.38 0.37 
19.08.81 0.53 0.54 19.08.81 0.49 0.73 3.01 0.75 0 
22.08.81 0.42 0.44 
24.08.81 0.33 0.33 
30.08.81 0.54 0.55 
02.09.81 0.56 0.52 2.35 0.96 0 
09.09.81 I 0.57 0.56 2.30 1.20 0 
14.09.81 0.36 0.36 
18.09.81 0.51 0.42 
24.09.81 0.61 0.69 2.56 1.40 
05.10.81 o. 7l 0.60 2.46 o:91 
06.10.81 0.37 0.37 
08.10.81 0.37 0.37 ' 
14.10.81 0.50 0.50 
27.10.81 0.50 0.50 
31.10. 81 0.43 0.43 
25.02.82 0.37 0.36 25.02.82 1.17 1.25 2.60 l. 76 1.29 
04.03.82 0.4 0.39 ·04.03.82 1.20 1.29 2.60 1.82 l. 34 
20.07.82 0.92 0.88 2.66 2.21 2.11 
01.08.82 0.51 0.52 01.08.82 0.90 0.89 2.66 2.30 2.12 
08.08.82 0.53 0.54 ·08.08.82 0.95 0.88 2.67 3.35 2.19 
16.08.82 0.48 0.49 16.08.82 0.98 0.92 2.72 3.45 2.23 
22.08.82 0.35 0.39 22.08.82 0.94 0.90 2.76 3.42 2.24 
19.09.82 0.60 0.60 19.09.82 0.91 0.92 2.75 3.5 2.3 
A9.1 
A9.2 
A9.3 
A9.4 
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A9.1 INTRODUCTION 
Survey networks were established in two regions within 
Moeraki township; the Davids Raod area and the Motor Camp area. 
Monitoring was over a one year period from August 1981 to 
August 1982 and comprised nine individual surveys. Initial 
and final measurements, completed with assistance from 
Mr Greig and Mr Hermann, were more comprehensive and established 
if any "control points" taken as fixed during interim surveys 
had moved. The large number of network points (34) meant 
redundant measurements were kept to a minimum during monthly 
~urveys with monitoring points 'fixed' by ties (angle and 
distance from known co-ordinates). Points considered stable 
after early measurements were not reobserved until the final 
survey. 
Survey plans of both networks with total calculated 
movement expressed in vector form are presented in the map 
enclosure. 
A9.2 METHODOLOGY 
9.2.1 Initial and Final Surveys (August 1981, August 1982) 
Equipment 
Wild T2 
Wild Tl6 (with ED.M) 
Wild Dl3 Distomat 
Control Points 
Steel band 
Prisms GDR31 single and triple 
Point 4 is assumed stable and utilized as the main 
control station. Using a "resection" absolute positioning 
of point 4 was determined in terms of Geodetic Datum 1949 
(Observation Point). Orientation was then transferred to 
control point 1 and its co-ordinates held fixed. Control 
points 1, 2 and 3 were then traversed and adjusted. Accuracy 
was limited, due to lack of regard taken for atmospheric 
conditions in the initial survey measurement of base lines. 
This limitation has not affected relative accuracies to a 
large degree (atmospheric corrections are a function of 
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distance) but should be appreciated in the interpretation of 
results. With this understanding in mind Mark Nos 1 and 11 
are assumed to have remained "fixed", as over distances invol-
ved it is not possible to discern displacement. 
Base Points 
From point 1, control point 10 and base point 11 were 
co-ordinated. In the Davids Road area to provide a quick 
method for showing transverse movement of point 11 during 
observation of monthly surveys point 12 (stable) was "lined 
in" with 10 and 11 to give a line over 10; movement of 11 
would thus immediately be discerned upon re-alignment of the 
three survey markers. 
In the Motor Camp area points A, B, C and D were fixed 
utilizing a measured line between control points as a base and 
measuring each of the three angles. 
Monitoring Points 
Motor Camp Area 
Monitoring points were observed from base points A, B, 
C and D and fixed by "ties" (angle and distance) with the 
appropriate checks. 
Davids Road Area 
All monitoring points were observed and measured from 
base point 11 and fixed by "ties" with checks made from points 
13, D and B and the triangles closed. 
Points H, I and J were heighted with vertical angles 
from 11 (relative to arbitrary datum Mark No 10 = 100 m). 
CALCULATION OF RESECTION 
MN 
L 12' QUAD 745 545.188 
F Pillar 751 819.57 
H 6' Trig (Adj for ecc)755 478.51 
Mt.Charles No.2 12' QUAD 764 843.385 
L 
('., 
RESECTED 
Using 
L,F,H, 
L,H,2 
L,F,2 
PT No.4. 
MN 
750 812.939 
750 812.547 
750 812.825 
,.. 
/ 
... 
--
/ 
" 
46 39 23 
ME 
317 971.656 
317 971.666 
317 971.815 
ME 
309 320.789 
314 296.57 
315 450.71 
312 705.717 
_5;t.Q_6.3_0 
---- --- ... 
04 
co<o 
~ .. 
"y rP 
0 
'?0) 
'? 
F,H,2 750 812.835 317 971.481 TRIAL PT 750 812.8N 
Nth Cut Est cut STN BRG 
-0.251 +0.412 4 -+ L 238 39 48 
+0.036 +0.131 4 -+F 285 19 11 
-0.092 -0.050 4 -+H 331 37 05 
+0.074 +0.028 4 -+ 2 339 25 41 
FINAL COORD OF 4 
750 812.820 317 971.820 
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2 
.:-
"y ,,, 
~ co 
0 
317 971.6E 
DIST 
10 128 
3 810 
5 303 
14 986 
20.29 
48 50 52 
RESECTION OF CONTROL POINT 4 
94 
92 
66 
64 
62/ 
58 
56 
m 
0 
H 
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F 
L 
Motor Camp 
IN 61,2,3 
At 1 
At 2 
At 3 
ANALYSED DATA 
MOTOR CAMP AREA - COMPUTATIONS 
AUGUST 1981 
Base Control 
44°19'26" 4 + 3 266.108 
115°23'23" 4 + 2 629.081 
20°17'12" 
180°00'01" 
199 
210 
Intersections (Motor Camp, coordinates from traverse sheet) 
1,2,A Adj 
12°50'44" 
A 
Angles at 1 39 
2 13°30'52" 47 
A 153°38'40" 34 
180°00'16" l 
results on trav. sheet 1 
B 
1,2,B 
Angles at 1 35°15'32" 33 
2 35°22'40" 41 
B 109°21'45" 46 
179°59'57" 
1,3,C 
Angles at 1 13°27'48" 48 
3 6°46'51" 51 
159°45'37" 
)-
c 21 
180°00'16" 
267 
38 36 
16 48 
268 
1,3,D D 
Angles at 1 17°35'46" 50 
3 17°07'31" 31 
D 145°16'39" 39 
179°59'56" 
MOTOR CAMP AREA AUGUST 1981 
"!O at l Bearing I Distance I Northing I Easting I . Coordinates 
'::i:;,r;;,~Y 1 · · .. Metres +N -S Cor. +E -W Cor. Metres N Metres E 
No. of I Remarks. Including j s~r:,~Y source of coords. 
1 f ......... 4 .......... t.......................................... .. .......... f .......................... -.................... .. .......... .. 15.Q .... 812.~.B2.Q ........ _ .... 3.l.7 .... 9..7.l.~.8.2Q ...... . 
2 t ........ l ........ r-22.4 .... 3.1 ... 2.2 ............ 0.1 ... .3.10 .......................................... .5.0.3 .... 4.2.6 .......... -t ......................... 4.9 .. 6 .... S.~.Q .............. 7 .. -?..Q ..... :J.Q~ .... J.~:L .............. :J11 .... 11.4 .. ~.2.§.Q ...... . 1 ~ .... i .... ~.--.. -~.~.t. .... B.§:?..~£:tl-.9n .. 2 ~ ...................... f ....................................... ,_ 
3 
4 L .... .J.. ................ l*Jn~ .... ?. .... 9:!?.!?..Y.~ .... .. 
5 ~ ..... ~ ................ J ........................................ -
6 L. ........... _ ....... -..................................... -
s r ......... ~ .......... 
1
: ....... ~JL~n .... 4l.......... .7.9. .... 45.3. .............. 2.s2.~.a.o.1 .......................... ... 2....... .o.1 ... J.a.7. ............................ .3 .......... zs .. o .... s..6.z ... l9.9. ............... ;?..:J.-2 .... ~.!?.6 ..... ;?.§ .. 4: ...... . 
6 1····· ..... 2 ............. 2.l1 ... 5.3. .... 2.9........... .7.0 ..... 8.10............... . .......................... 2.9.2. •. 6.35 ... 1 ................................ 22.1--.7.3.9. ... 3. ........ 1.5.0 .. .2.6.9. ..... 5..6.3 ................. 3.1.7. .... 9 . .5 ... 4 ..... §.~.1? ...... . 
7 l ......... l ... ._.+ . .2.S.2 .... ~.Q .... 0.6........... 8~ .... 0.0.4 ................... 3.9..~.83l ........... - .................................................. l19. .•. 6&l .. l ........ .15..0 ..... 3.0.9. .... 3.9.~ ........... ..... ~.l1 .... 4-"l4 .... ~.?..Q...... 7 J...~!2.E2 .... ::\ .... ~.?..Y.~ .... . 
a l .................................................................................................... t .......................... Mi.s.cl.o. e.......... . ......... in ........... l35.~.n.o ................... - ... ~ ........................................................................ -. s .-............. _, .............................................. ~ 
9 f ........ J ............................................................ -Int5U:J;l.~.rti.QD .... Er!:l.l;!.t'.atnm.~ ............................................................................... Z5..Q.~.:?..Q.~ .... J.~ .. 4 .............. JJ1 .... 4.1::\ .. ~.2.§.Q....... 9 .... J ..... _, ........ ~~ ... ?.:!?.9..Y.~ ................. . 
22 f ......... ~ ........ + ... .A.:L.::\.?. .... 2.~ .......... 1!.§} .. ~.§.Q.?. ... .9.9.-J ................................... _, ................................................................. ._ ...... ·-· .. ··- .. .?..?. . Q .... 1..?..?. .. ~.§.?..?: .. _ ...... ...... :?,.~1 .... .?..~9..:..9.§.§....... 22 ..... C:.._ ........ _ ........................................... . 
23 r ......... 3 ......... 1 ....................... - .............. _ .... _ ...... ·-··-···· .................................................................................................................................. _. .. ·-......... -................................. ............................................... 23 .............................................................. _ .. .. 
24 r ......... c-........ ,. ... 2.4'4 .. ·-s·7 ..... 3 .. 2 .......... 132'2"~·6·ai .... ;;~i ........................................................................................................... ~ .......... _ ..... ~-i~--~-~~-~-~~-~ ................ n.?. .... ~-~-~-= .. ~.§.~...... 24 ..... L ....... _ .._ ~-~ ... ~2-Y.~ ................ .. 
2s r .................... ., .......................................................................................... -........... _ ... _ .................................... -.-................................. ·-----··-· ............................................. ........... 1 ............... ~.9.§.§....... 25 ..... £: ......................................... ._ .......... - ... 
26 ..................... - ........................................... . 
27 ..... !. ..................... -.................................. .. 
30 ~ .......... ?. .......... 'r --··-··- --··- ··--·-· ---·-· ······--·--·---- • ___ -·--··--·-----·- ___ ?.2..Q...'l!i-'-.1.~~- -·- .. ?.l7...§§.?..~e6• _ ~! =~-=-~=~c=:::::::=::::=:::::::: 
. D , 255 18 12 54.474 cal 0 ...... _. · .................................................................. .. 
27 
28 
29 
33 i·'""'"A:i"""l·"3'2'4'"'0'()""'2'7'"""'" '''3'1':'6"76""'"'"'"' '""2'5'~6'29"""""'"""'"'""'1'""""'" ............. _ ............. 18:61'5 ............... ~~~ .. ~~-~-~-i-~}"""'" ..... ~t~-.. -~~~. 6·?.} .. ·· 33 .. _? ................. ~ft.:E:.~ .... § .... ~.9.Y..~.--
H t:::·~~=::~==~:.~~~==::=:=~====~:=~===~===::~ =.~:=~~=====~~==~~~=:.·=~~~:: ~~ ~~=-r:=~== ~ 
MOTOR CAMP AREA 
No. at 
Survey 
Mark 
Bearing 
AUGUST l98l 
Distance 
Metres 
Northing 
+N -S Cor. 
Eastlng 
+E -W Cor. 
Coordinates 
Metres N Metres E 
No. of I Remarks. Including I 
Survey source of coords. M~rk 
1 ........ z:.. ..................................................... ·····--······-··················· .................................................. ············!··········-····-························-····· .............. 7.5.0_..3.0.~.7.3._._··- ... 31.1 ... 5.11. •. 825........ . 1 ... A. ............... ~····-···········-······-····-·-·· 
2 ....... A6L.... .1.0.4 ... .5.2 .... 5..7. ................... 28 .•. 4.9.1........ . ................................. 7 .•. 31.8 .............. 2.1 .•. 5.35............................ ........... ..7.5.Q .... 3.Q2-.65.5 ................ .3.1.7.. ... 5.9.9. .... 3.6.0........ 2 .... ak. .. ·--·- .. P.J.b.-1 ..... ibl. .. _ ...... -
3 ....... A.-3 ......... 13.2 .... 5.5 .... 1.4. ................... 3.3. •. 16.3. ....................................... 22 .• .583. ............ .24-285 ... - .................................. 15.0 . ..28.2-3..9.0............ . ... 3.1.7. .... 5..9.6.~1.10....... 3 .... A3 .. ·-········· ............................................ . 
4 ....... A.4 .......... 18.9 .... 5..7 .... 05 .................... 3.9. .•. 4.7.9......... . ............................. 3.a •. 8.85 ············j·······························-6 .•. 822 ............. 7.5JJ .... 2.7l-D.88 ................ 31.7 .... 5.6.5 .•. 003....... 4 ... A4............. . .......................................... . 
5 ....... A5 ....... _2.5..9 .... 42 .... 06 .................... 3.3 .•.. 7..40........ . ................................ £ •. JJ3.2 ......................................... 3.3. •. 1.9.6 .............. 15.0 ..... 3.0.3. .... 9.41............ . ... 3.:!,1 .... ~.1.~ ..•. 9..:;?.9......... 5 ... 1?::?.............. ·-·-·····--·-············--··-··-
6 ........ A6 ... _ .. l.7.2. ... l3. .... 3.Q ................... -.:9 .... 13.3......... . ................................ .9 .•. 6.4.4J............ . .... 1.-3.1.7............................ ............ ..7..s.n .... 3.Q.o .... 3.3.Q ................ 3.1.7. ..... 5.7.3. .•.. l~.z ........ J 6 
.... b.!? _________ ···········-···-··----··-·-
7 7 r·······--··---·i-···-···-··-·····-······-···-···'················· ············ .................................................................................................................................................................. ·-·········-·······-········-·····-······························-
........ fL ........ ~····-·························-·-······~···································~··················································~············ ·································-··············j···········j·1.,';!.Q .... J..':;i.J ..... Q.7.,?. ......•.... j .... J.J.7. .... ?..7.~.,)J,Q....... 8 .... ?. ................ E---····-······-··-······-··---8 
9 ........ 1?..1....... . .... 5?..9. ..•. Q.?. .•.. :\.1 .................... l9..z .. 7.Z.a........ -··················-······-····Z ..•.. G.:l:l ............... 1£1 .... 2.l.8 ......................... - ······-··· .. Z.?..Q ..... ~.?..Q.,.:\.~1 ................ ?..1.?. ..... ~.5?..?. .. ~.§l§....... 9 .... !?..~............. . ..... !?.~~ ..... ~L··-··--
1 o ........ l?.L.... ..~.Sl.l .... ~-4 ..... f.7. .. _ ... _ ........ 1J2 .... J?.J.6 ............ 1 .•.. :n .. 3. ....... ·-··················· ......................................... la ..•. lJ.Z ............. .:? .. ?..Q ..•. J..?..:?_,.4.1Sl ............ ... J.f.-.1 .... ?..§9..~.?.! .. <?.§....... 1 o ..... :!?..~---··-····· ..................................... __ _ 
11 t .... _.l?.} ......... ~.§.?.. .. .1.?. .... .:!:.Q .................... ?..}:..16.?. .......... lf.:..6.QJ ......................................................................... ?..6., .. QJ:Q ................ ?..?..9 ..... ?..2.?. .. ~).7..1........... . .. .2J.?. .... 2.?.2..: . .l-.Q9. ...... .J 11 B3 
~ ; :=:::=~::::::::::]:::::::=::::::::=:::::::::::::::::::::: :::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::: ::::::::::::::::·.·~.·.·.·.·::::.·:::::::::::::::::::::. :::::::::::. :::z~:i?.:::1:?~:::§~:~:::::::::::: ·::::~:~:?.::::~~:9::~:9.:§~~~-~~~~~- ~ ; .... S: ................. -··················-····-··--······-
14 ......... ~!: ... _ ..J...--~-~ .... 9..?. .... ?.9. ....... _ .......... ~9..: .. ?..Z~ ........ .... ? .. : .. §.~.9.·'····················-······ .............. ~.9 .. ~}.~.1 .......................... ·-······· 2?.9.. ... ~.?..~.: .. ~.§.?. ............... } .. ~.Z .... §.~.~ .. :.~~-~----· 14 ··-~·~·-········- .-E.~~ ..... ~E!..·--···- ~ 
l~ :.t~lttl~~t~~rMt~~!!~~~2~~~itt1t~m;.gJ~~¥ltit~ l1 t~~~~~! 
1 9 ........ ~.?........ _?.§} .... 21 .... :h.Q ........... ........ 1~.:..§5?..?. ......... .................................. 1 .•.. ~-~.Q ......................................... 1.4 .... ~.7.'9. .............. 1.5..Q ..... 4J.1 .•.. 2'.2.2............ . ... ~.d-.1 .... !?.1.5. ..•. 2.0.'9........ 1 9 .... G.Z ............. ··············-···············-········-- ~ 
20 ....... .f..!? ......... ?.§9. .... Q.L.2.~ ................ ~.9.§.: .. ?.}§ ........................................ +...~ ..•. .?..;?.~ ..................................... .l.Q£~ ..... 2.0.:-t .............. .7.2.o .... ~.Q9. .•.. ~.l.$. ............. -.. 3J.Z . ...:t.aJ ..... 4.$..;?........ 20 .... ~.?. ........................................................... ::x:-
2 1 -··---~~---1·-··~:h .. -~.?. .... :!§ ................. ~.!.?..:.1.~.~......... 1.?. .. ~.?..1.~ ............................................ 1J.1 .•.. Q1.~---·-···········-······· ............. ..?.2.Q .... :\.4.1.: . .?..QJ............ . .. }J.1 .... 7.Q.~ .. ~.1.?..'?......... 21 .... £2............. ·····-····················-··--·-···-
~~ ~lF}~HE.~~-it~~~~~~~~~~~~~~~~~2ff~~~~H!Etll~~ ~~ ~It~~~~~ 
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DAVIDS ROAD AR$A AUGUST 1981 
r Nw Ol i Bearing I Distance. I Northing I Easting 
"'1~'.~:1 • " Metres 1 +N -S Cor. +E -W Cor. 
Coordinates 
Metres· N Metres E 
1 .l.. .... l ............ ~ ........................................... 
1 
.................................... t······ .. ········ .. ··············· .. ··········· .. ·· ............ 
1 
................................................. -···-· ... 15.0-3.09 .•. 39.4 .............. 3.1.7. .... 4.7..4 •. 9.8.0 .. _. 
2 L ..... t0 ......... ,. .. .2..3.l ... Q2. ... 3.1.. ............. .3.25-.:13.2 ....... f ............... ~.2D.4_.6.16 ...................................... :::.25.3 .•. 05.8 .................... 7.50 .... 10.4-.7..7.8 ................ 3l1. .. .2.2L.9.9.2 ..... . 
3 I 11 ' 2 7 17 0 5 ...... 119-.09.7 ........ ' ................... 15.9 .•. 1.'1.1... .................. 1 ....................... 82 .. 10.0 ...................... 7.50 ... .26.3....9.49 ............... 31.7 .... 3.0.4.~.0.22 .... .. 
r-::o. at I Remarks, Including] s~r;~Y source of coords. 
1 r ..... l ............... i&2 .... :tr.a:.z::::.s.he.e..t. 1 i , ..... ~-~--............................. -................  
: 4 f ...... l.3 ......... j .... 35.1 .. .4.l...l6. ......... 
1 
..... .2.3:L0.3.6 ......................... 2.3.1.~5.1.7. ...................... f .................... ""3.3~B.34 ..................... 150 .... 4.9.5.~5.26 ................ 3.11 ... .2:ZO .• ~BB...... . 
5 r ......... A ........ 
1 
.... 1B.2 ... 2l ... 2.2 ......... ! .......... 81 .•. A.3.6 ......................... :::S:Z.~.36.2. .................... l ............ -....... m.3..~.5.9.S. ..................... 7..5.0 ... l:Z6 .•. 5.8.2 ................ 3.l.:L3D.Q_A.28 .. -. 5 ........ A ...... -. The.. . ...c.aor.d~na:t.es 4 l ..... 13 ............ + ........................................... . 
6 j······ .... E ............. 195 ..... 4.4.. .. 55 .......... 1··· ....... 1.3 .•. 2.25 ......................... ::::."].O.v4:Z6. ..................... ,. .................... :::.19.-8.15 ..................... 7.5.0 .... 1.9.3. .... 423 ................. :;!.l.2 .... ~.!?.~ ... Jflo.!?..-.. 6 ..... -~ ... - ... - ........ -... - ...................... - .• 
1 r ......... c ......... r.2.lQ .. .2.P. ... o.:3 .......... 
1 
........ .Js.o.~.lQ.4 ....... J ................... :::5.ld.s2.2 ..................... l ..................... :-:.3.o.A . .4.46. ..................... .7.s.Q .... 2..l.2 ..•. Jzf2 ............... :u.:z.. ... f..?..2..: .. 2 .. 'Z.?...... 1 ........ £ ........... 9..t._:t:=h.~~~ ... J?.9-~!:..ts 
8 f ........ J:J ........ T ... 2.4.3. .... 5.6. .... 5.l .................... 9..:3. ~.5.9..5 ....... t .................. :::.fll.A.lQ.6 .......................................... :::.8 . .4.~.Q85 ..................... 2.5..Q .... :?..2.2. .... !?.~.~ ................. }1,] ..... ;?..1.~ .. ~.?.!.:;?,.7.._.. 8 ......... Q,_ .................................................. .. 
9 r ........ J~ ........ r ... ~.§.l .. l!?. .... ;j.z ......... 
1 
.......... !?..~-·-·1.~.4 ............................... ::-.2 ..... fl..::1.6 ...................... t .................... :::9J,.~.z.7.a ................. _.7.2.9. .... ;?.:?..4 ..•. :?.12. ............... 2.1.?... .. :?..1.? .. = ..?..~.?....... 9 ........ !': ........ _ ~E.~ .... ~.~::.~.:::::~.--
1 1 I .......... ~ ........... J.?..;?. .... .?..;?. ... 1L ................ 1.;? .. ,.9.J.?. .............................. 4-.L .. §.!?.?. ............................................. ::.!?. .. , .. ~l9. .................. _.z:?..Q .... 2.9.?. .. : .. §.2.§ .......... ..... 2.~.:?. .... ?..~§.: .. !?.9..~...... 11 ......... ~ ......... - ~~-===~!:.'!.: .... ~.::?.~. 
1 2 ......... !!.. ...... .... ?..~} .. }.§. .... ?:.?.. ......... .......... !?..? ::.?..!?..1 ............................. =2 .. ,.!?..9..1 ......................................... ::::.!?.!?..:..9..J.iL ......... ._ .... .:?..?..Q .... ?:.?..:!..~.9.!?..§ ................. ~.;!;.?. .... :?..~.? .. : .. ~.?..~...... 12 ......... ~ ........................................ - ... - .... -
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1 o f ......... r. ........ 
1 
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1 
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1 5 .......... ¥., ........ 1 .... 6.Sl.?! ..... Q.1 ..... ~.Z ................ l;3..§ ..... lQ1 .............................. 4.4 .... 4.7..7. ...................................... :::.12.8. ... .62.9. ..................... .15..0 .... 3..0.6 ... ..4.;? . .'2 ................ ::?.J.7. .... J...7.5. .... :?.~.4...... 15 ......... ¥.; ............ .!.~!.!.~ ... } .... ~.?..Y.~-.. [:: 
1 6 r· .......... ~ ........ t' ..... ?:.~.~ ... .9.§. .... ?:.2. ............... 1J.;? •. ,.1.}1. ............................ 2.5. ..... Q.~.6 ......................................... :::51.B.A.B.4.7. ..................... 1.!?.Q .... ;?..:J..?. •••• ~.?. .. 1. ................ :?.1.7. .... 6.Q.?. .. , .. l7.2..... 16 ......... '!:!............ ............................................. ~ 
1 7 .......... !1 ........... JJ.2. .... 4.?. ..... ~.4 ................ 1.Q.!?..:c.1~.4....... .. .................... 7 .. ~.,.6.Q.7.......... ............ .. .................. :::.7..6 ..... 5.1~ ...................... 7.2.Q ..... 3..J.9. .... J:..2.§.......... .. .... :;!JJ ..... f.6.2 ..... :!.7..!?...... 1 7 ... -11........... _ ......... :.............................. tl 
1 8 r ......... 1:'!. ........ 
1 
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ANALYSED DATA 
MOTOR CAMP AREA - COMPUTATIONS 
AUGUST 1982 
Motor Camp ·Base Control 
IN LH, 2, 3 
At 1 44°19'31" 
2 115°23'20" 
3 20°17'14" 
180°00'05" 
Intersections (Motor Camp, 
l,2,A 
Angles at 1 12°51'46" 
2 13°31'49" 
A 153°36'57" 
180°00'32" 
l,2,B 
Angles at l 35°16'24" 
2 35°23'40" 
B 109°20'12" 
180°00'16" 
l,3,C 
Angles at l 13°28'06" 
3 6°47'07" 
c 159°44'48" 
180°00'01" 
Adj 
-2" 
-1" 
-2" 
coordinates from traverse 
Adj A 
-10" 
-11" 
-11" 
B 
-5 
-5 
-6 
-1 
\-
272 
sheet) 
273 
1,3,0 
Angles at l 17°36'28" +l 
3 17°08'15" +l 
D 145°15'13" +2 
179°59'56" 

I 
i 1 2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
I 21 
i 22 
: 23 
. 24 
25 
26 
27 
! 28 
I 29 
30 
: 31 
I 32 
33 
i 34 I 
: 35 
I 36 
MOTOR CAMP AREA 
No. of 
Survey 
Mark 
Bearing 
. 
AUGUST 1982 
Distance 
Metres 
Northing 
+N -S 
- -- --·--
Coordinates 
Metres N Metres E 
Easting 
+E -W Cor. Cor. 
No. of Remarks, including I 5~';',tY source of coords. 
__ ,. . .A ................... -.......... _ ................................. - ........... ;....... .................................................. ............ ................................................. .. ............. 7.5.0._3.0.9.-.9.9.9........... .. .. 3.l7 .... 5.7.1 .•. 823 ..... .. 1 .... A ......................................................... .. 
........ b.;?....... ..1.Q.~ .... :lQ .... 5.f< ................... 2.6 .... 2..9.8....... .................................................. ............ ................................................. ............ ..7.5.0 ... 320 .• .82.2 ............... 3.1.7. .... 5..9.9 .•. 1.9.7 ..... .. 2 .... A2. ............ 18AD.IAL ...... - ............... . 
........ b)...... ..JJ.Z .... 5 ..5. .... 1!'1 .................... ~.3.~.0.7.3........ ................................................... ............ .. ..................................................... , ........ 7.5D .... 2B.1._.4.7.3........... .. .. 3l1 ... 5.9.6 .•. 03.9 ..... .. 3 .... A.3 ......................................................... . 
........ b.9: ......... J.~~-... ~ .. 7. .... ~.l .................... ~.~ .... 5.1.0........ .................................................. ............. ................................................. ........... ...7.5.Q ... 21l •. OB.4. ................ 3.1.7. .... 5.6.4.-.9.9.2. ..... . 4 .... A~t ...................................................... . 
........ b.?. .......... ~-~-~ ... .4.1 .... 9.~ .................... ~.J .... 7.2.3........ .................................................. ............. ................................................ .. ............. 7.5.0 .... 30.3.-9.6.1........... .. .. 3l:Z .... 5.3.8 .•. 6.45 ..... .. 5 .... AS. ....................................................... .. 
............... ._ __ ·-····-·-·--.. ··-··· .. -···-·-· .............. --·········......... .................................................. ............ ................................................. ............ .. ..................................................................................... ou ....... . 6 
....... ..:!?. ........................ - ....... _ .................................................................................................................................................................................. 7.5D .... 35.3.-l01 ............... 3l1 ... 5.1.9 .•. 12.4. .... .. 7 .... £. ...................... - ........................ _, __ 
......... ?.;!; ............. ~.2 .... Q.;i,.,,.;?) .................... .+...§ .... 11.7.. ..................................................................................................................................... 7.5.0 ... 3.5.0 .•. 4.6.6. ................ 3.1.7. .... 5.9.5 .•.. 6.3l .... .. 8 .... B.l ............ ~DlAL .................... - .• 
... _ ... ?.?....... . .. ?..§ .. ~ ... .2 .. 1 .... ;?.9: .................... f...£! .• ,.;?,9:.?......... .................................................. ............. ................................................ .., .. ,_ ...... 7.5 . .0 .... 3.5.7. ... !'1.1!'1........... .. .. 3.l.7 .... 5.6.l.~.0.2.~ ...... . 9 .... ~.;? ............. ~ ........................................ _ 
...... ...!?.:?....... ...?..~2 .... Q.2 .... 2.Q.......... .. ....... ?..1 .... 9:.~.~........ . ..................................... : .. ·····.... ............ ................................................. ........... ...7.5.Q .... 3.f<.5.. ... 2.7.5. ................ 3.l.7 .... 5..2..7. .... Q.::l.9........ 1 0 
..................... ........................................... ..................................... ................................................... ............ ................................................. ............ .................................................. ............................................... 11 
......... ~......... ........................................... ................. ................... .................................................. .. ......................................................................... 7.5.Q .... 42.5 .... f\.6.5 ................. 3.l.7 .... 5..9..Q .... 0.9.1...... 1 2 
......... ~;!; ...... j ....... §.~ ... .9.!.: .. 4.Q ................... 6\:.Q_~.?.§.?........ .................................................. ............ ................ ............................... . .............. 7...5..Q ..... 4.:ll .•. ,3.3.2 ............... ;;l.l.7 ..... 6.3.Q .... 4.7..l....... 1 3 
......... ~2 ...... j ....... ?. .. 9. ... .1.1 .... 2.1 ................... 4.?} .. ~.1.Q.Sl .................................................................. ; .................................................................. 7..5.Q .... :t . .5.2 .... 1.8.0 ................. 3.l.7 .... f<.~.l .... 1.l.~...... 14 
_ .... ~1 ......... }.1.~ ... ~.9: .... 9.9 ..................... ~.§ ..... ~.21 ........................................................................................................................................ 7.5.0 .... ~5.1 .... 6.Q2 ............... .3~7. ... 5.85 ... .2~.6....... 15 
......... ~?. ...... .. .?..±1 .... ?A ... .J.:f .......... ......... ;?.~ ••. 2.:?..~ ................ , ..................................................................................................................... 7.5.Q .... 45..5 .... .02.l ................ 3.1.7 .... 5.6.3. .... 5.9.8...... 16 
.... ,_f.§ .......... :f.§.g ..... 4.9 ..... ?..~ .................... 1.?. . .:-.. 1§.?......... .~............................................... ............ . ........................................................................ , ............................. _...... ............................................... 1 7 
.... _.f.?. ......... :?..2.2 ..... ?..4 ..... ?..~ ..................... 7..4 . .:..£!.2.~........ ................................................... ............ . ............................................................... :Z.5.0 ..... 4.l:Z .... 7.~.6........... .. ... ~.1.7. ... .5.15 .... 62.7........ 1 8 
--.... ~§ ......... ?..§.Q .... Q.Q ... 1?. ............... lQ.~.~.;?.9..l ..................................................................................................................................... 7.5 .. o .. _4.0.6 .... a9.:z ............... .3~7 ..... 4.8 . .3 .... 19..9....... 19 
·-·-~2 .......... J~.± .... ?.:?. .... ?.Q ............... JJ •. ;? .. ,J:.7..? ...................................................................................................................................... 7..5.0 .... 4~~ ... .52.8 ................ 3.~7 .. _7..0.l ... ~!'1.6....... 20 
..................... !........................................... .................................... .................................................. ............. ................................................. ............ .................................................. ............................................... 21 
......... 1?. ......... 1.......................................... ..................................... .................................................. ............ ................................................. ............ ..1.5..0 .... 4.9..1 ... .6.9..~ ................. :ll1 .... §.;2.§ ... .1.~.~....... 2 2 
::::::~~:~::::~ :::?.:~:l::l~::::i.t~:::= :::~::::}~::.I~1:~:::: :::::::::::::::::::~:::::::::::::::::::::::::::::: :::::::::::: :::::::::::::::::::::::::::::::::::::::::::~:::: :::::::::::: ::i~~:~:~~t:~:~:.::::::::::: ::::~ti.:~::~~:~:i.f:L:::: ;; 
........ !?..?. ....... , ... ~.?..§ .... ~.~ ..... ~.?. .................... §.~ ..... Q:?..!........ .................................................. .. ........................................................................... ?..2.Q .... 1§J . .:.1.?..7............ .. . .2..~.?. ..... -?..?..!?..: .. §.2.7........ 2 5 
... -... ~.?. ....... j ... ? .. Q.?. .... ~.~ ..... Q.?. ........... ......... ?..?..: .. ?..§.~........ .................................................. ............ ................................................. ............ ..ZJ?..9 .... ~.4.?..:}.2.?.: ................ ~.±.7. .... §.1.9 .. ~.?..9..-?........ 2 6 
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29 
30 
31 
32 
33 
................................. - ...... - ................................................................ _..................................... ............ ................................................. ........... .................................................. ............................................... 34 
..... ~J ........................................... - ........... . 
.... P. ........................................................... . 
.... P.J ............. MP.J.b.M ........................ .. 
D2 
....................................................................... 
D3 
................................................................... 
C2 
............................................. -................................................................................................................................................................ _ ................................................................................................................ .. 35 N 
3 6 ::::::::::::::::::::::::c::::::::::::::::::::::::::::::::::::::::: ~ 
DAVIDS ROAD A~A 
j ~" ol I 
~urvcy 
Motk. 
Bearing 
AUGUST 1982 
Distance 
Metres +N 
Northing 
-S Cor. +E 
Easting 
-W 
Coordinates 
Cor. Metres· N Metres E 
1 l ........ .l .......... : ................................. _, ...................... _ ................... j .................................................. !.mm. ... f ................................................... .rom. ..... .7.5.Q .... 3.Q.9 .... .3..9.4: .............. 3 ..l.7. ... :4.7.4 .•.. 9..S..Q .... _. 
2 ....... J,.Q ......... G.].J. .... O.G ..... 3.Q ................ 3.2.5 ..... 42:4 .................................. :2.0 .. 4.h.6.12 ... ::::2 .... ! ......................... 2.5..3 .... 0.5.1 :::.5 ..... .7..5.Q .... l.0.4 .... 2.6.Q ............... .J..l:L.G.2J .. ,.9..f..4 ...... . 
3 r ......... J...b....... . ..... 7..7. .... l.:L.lQ ................ 11.9 .... 0.9 . .7 ......... 15.9..~.169........................... ............ ..82 .•. 10.4. ............................. :::.6 ...... :Z.5.Q .... 2.6.3 ... ..9.:1!;L........ . ... 3.l1 ..... 3.Q:4 .... Q.2.;L ... . 
4 ........ 1?. .......... ;;!.;!.1-. .... :ll ... J.Q ....... ._ ...... 2.~.4 ..... 0.:1.5........ 2..3.l. ... 5..S.5 ................... _. ........ ::::.8 ................................. .3.~ .... .6.4.2 .±l:L. ..7.5..0 .... :4.~.5 ..... 5.2.6 ................. 3.l.7 ..... G..7..Q •. , .. 1Jl.~ ...... . 
5 C. ..... -:4 ................. 6.5 ... ..4.0 ..... 0.2. .......... ...... '1.1.0 .... .0.2..3........ .3.1.7. .• .2.7..7........................... .1.7.... .D.l-.620........................... .U._ ... 7..5.0 .... 8l2 •. .S2.Q ............... .:U.7 ..... 9.7.L .. S2.Q_ .. .. 
6 r.. .................... j ................ - ........................ j ............... _.................. • .......... .(50.3 .•. .4.19..)........... ............ . ............ !.4.9.6. •. 83.1J........ ............ ·-·-·(5.0.3 .. ~.42.6.)._ ..................... t4.9.J5 .... S.:4.QJ. .. __ 
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9.2.2 Interim Surveys 
Equipment 
Wild Tl6 
Wild Dl3 Distomat 
Prisms GDR 31 single and triple. 
Motor Camp Area 
Co-ordinates of points 1, 2 and 3 were assumed "fixed". 
The Tl6 in conjunction with Dl3 distomat was set up on each 
of the base points A, B, C and D then distances measured to 
relevant control points (either points 1 and 2 or 1 and 3). 
Co-ordinates were subsequently determined by intersection of 
the three distances (refer calculator programme) utilizing the 
subtended angle observed between control points as a check. 
Should checks differ markedly from predicted values, three 
sets of co-ordinates for the base point are calculated and 
averaged out in the following manner: 
Example: Base point B, survey 8, June 1982 
In the field, to ~fix" base point B: 
Distances measured B + 1 was 112.943 m 
B + 2 was 112.605 m 
A 0 Subtended angle measured 1 B 2 = was 109.340 
control point 
1. 
Control 
Base Point B 
1) Using fixed distance B, measured distance C 
A A 
and subtended angle B~ angle A was calculated. 
Then co-ordinates for base point B were deter-
mined using co-ordinated control points 1 and 
A 
2, measured distance C and calculated angle A 
(utilizing calculator programme) . 
Measured Co-ordinates 
Distance Calculated angle mN mE 
112.943 32.268° 353.100 579.124 
2) Similarly using fixed distance B, measured 
A A 
distance A and angle B, angle C was calculated. 
Subsequently co-ordinates for base point B were 
determined utilizing co-ordinated control points 
1 and 3, measured distance A and calculated angle 
A 
c. 
Measured Co-ordinates 
Distance Calculated angle mN mE 
112.605 35.390° 353.101 579.116 
3) Finally the co-ordinates of B were calculated by 
intersection using the two measured distances A 
and C in conjunction with co-ordinate control 
points 1 and 3. 
Measured Co-ordinates 
Distances mN mE 
112.943 353.106 579.121 
112.605 
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The three co-ordinate sets north and east were averaged 
to obtain "adjusted co-ordinates" for the base point 
B: 
353.103 mN, 579.120 mE. 
Remaining monitoring points were co-ordinated by 'ties' 
(distance and a bearing) from the closest visible base-point 
(either A, B, C or D). 
Angles were observed using a Tl6 orientated onto the 
longest line to a control point; three full sets (left and 
right face) using different orientations (000,60°,20' ,120°) 
were taken and averaged. 
Distance measurement was observed from the E.D.M. to: 
- a pogo stick mounted G.D.R. single pr~sm for 
all monitoring points (Fig.A9.1) 
- a tripod mounted G.D.R. triple prisms for all 
base and control points . 
Davids Road Area 
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Tl6 theodolite and Dl3 distomat were aligned over base 
point 11 and point 12 sighted with any base point (11) offset 
measured from control point 10 via a steel band. Base point 
positioning was determined by intersection using distances 
measured to points 10 and 13. 
All monitoring points were subsequently fixed by "ties" 
to base point 11. 
Vertical angles (both faces) were observed to points 
H, I and J, the adjusted angle used in heighting calculations; 
point 10 was held at 100 m. 
Fig. A9 .1 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 2· SEPTEMBER 7th-10th (1981) 
MEASURED 
sub tended 
SURVEY distance angle 
POINT (metres) (degrees) 
DAVIDS ROAD AREA 
11 179.098 (10) 144.404 
234.033 {13) 
A 87.436 24.926 
B 73.230 11.533 
c 60.088 3.162 
D 93.597 36.667 
E 62.505 54.041 
F 50.833 63.250 
G 41.979 145.569 
H 88.584 56.334 
I 65.628 71.624 
J 58.192 91.932 
K 136.129 81.800 
L 113.172 91.833 
M 108.764 106.473 
N 108.322 - 121.313 
p 112.037 137.960 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317,000+ 
263.951 304.019 0.4 em 
176.587 300.424 0.4 
193.469 284.142 0.7 
212.147 273.573 2.1 
222.848 219.932 0.8 
254.522 242.232 1.6 
264.423 253.191 1.9 
305.602 298.800 3.5 
254.103 215.987 1.7 
274.112 239.186 5.1 
292.353 253.233 0.5 
308.458 175.375 3.8 
319.019 205.152 4.4 
339.171 225.465 2.0 
356.405 247.581 2.1 
372.291 275.487 3.0 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 3: OCTOBER 12th-14th (1981) 
MEASURED 
subtended 
SURVEY distance angle 
POINT (metres) (degrees) 
MOTOR CAMP AREA 
A 96.856 (1) 153.636 
92.124 (2) 
A2 28.423 164.790 
A3 33.137 136.732 
AS 33.735 9.960 
B 112.927 (1) 109.358 
112.589 (2) 
c 163.608 (1) 159.750 
322.598 (3) 
C3 49.392 8.207 
C2 30.595 22.356 
C4 26.355 75.565 
C5 39.544 107.050 
D 247.858 {1) 145.271 
254.483 (3) 
D2 32.676 170.149 
D3 81.063 177.036 
DAVIDS ROAD AREA 
ll 179.095 {10) 144.402 
234.037 (13) 
A 87.435 24.922 
B 73.233 11.531 
c 60.090 3.164 
D 93.595 36.667 
E 62.515 54.047 
F 50.834 63.261 
G 42.012 145.564 
H 88.585 56.342 
I 65.639 71.639 
J 58.207 91.936 
K 136.142 81.808 
L 113.182 91.836 
M 108.778 106.478 
N 108.327 121.317 
p 112.039 137.958 
281 
NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317,000+ 
309.973 571.834 0.9 em 
302.680 599.305 6.0 
287.405 596.098 1.9 
303.929 538.645 2.0 
353.079 579.115 0.6 
425.665 590.083 1.3 
452.744 631.391 2.2 
448.184 610.794 2.0 
451.570 585.233 1.4 
455.0ll 563.577 0.5 
497.651 636.203 1.8 
494.892 603.644 2.4 
481.171 556.833 1.1 
263.947 304.020 0.3 
176.588 300.418 1.0 
193.467 284.139 1.1 
212.146 273.571 2.1 
222.849 219.934 0.8 
254.527 242.221 2.8 
264.433 253.190 2.7 
305.634 298.792 1.7 
254.ll5 215.984 2.9 
274.131 239.177 7.2 
292.364 253.222 1.8 
308.480 175.369 6.0 
319.029 205.146 5.6 
339.188 225.461 3.6 
356.413 247.585 2.4 
372.292 275.483 3.4 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 4: NOVEMBER 24th-27th (1981} 
MEASURED 
subtended 
SURVEY distances angle 
POINT (metres) (degrees) 
MOTOR CAMP AREA 
A 96.850 (1) 153.633 
92.132 (2) 
A2 28.405 164.819 
A3 33.135 136.728 
AS 33.724 9.961 
B 112.939 (1) 109.348 
112.597 (2) 
c 163.618 (1) 159.752 
322.588 ( 3) 
C3 49.391 8.204 
C2 30.563 22.354 
C4 26.358 75.568 
C5 39.523 107.051 
D 247.857 (1) 145.268 
254.485 (3) 
D2 32.692 170.140 
D3 . 81.061 177.050 
DAVIDS ROAD AREA 
11 179.093 (10) 144.402 
234.034 { 13) 
A 87.432 24.925 
B 73.228 11.528 
c 60.077 3.179 
D 93.600 36.676 
E 62.512 54.054 
F 50.839 63.267 
G 42.025 145.561 
H 88.586 56.347 
I 65.645 71.650 
J 58.218 91.939 
K 136.150 81.810 
L 113.196 91.839 
M 108.798 106.475 
N 108.338 121.314 
p 112.043 137.954 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317,000+ 
309.980 571.828 0.8 em 
302.708 599.286 9.1 
287.414 596.091 3.1 
303.946 538.648 1.97 
ADJUSTED COORDINATES 2.0 
353.093 579.119 
425.670 590.092 1.9 
452.746 631.400 1.9 
448.165 610.782 2.4 
451.578 585.240 2.0 
455.000 563.600 2.1 
497.651 636.201 1.9 
494.896 603.625 2.3 
481.152 556.837 2.5 
263.949 304.012 1.0 
176.591 300.422 0.7 
193.473 284.137 1.1 
212.166 273.564 4.2 
222.860 219.923 2.3 
254.535 242.223 3.1 
264.438 253.185 3.4 
305.647 298.788 2.4 
254.123 215.983 3.8 
274.144 239.174 8.5 
292.372 253.214 2.9 
308.488 175.363 7.0 
319.041 205.137 7.1 
339.197 225.443 5.4 
365.420 247.575 3.5 
372.294 275.474 4.2 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 5· FEBRUARY 1st-6th (1982) .
MEASURED 
subtended 
SURVEY distance angle 
POINT (metres) (degrees) 
MOTOR CAMP AREA 
A 96.854 ( 1} 153.630 
92.129 (2) 
A2 28.440 164.881 
A3 33.133 136.724 
AS 33.738 9.957 
B 112.939 ( 1) 109.345 
112.597 (2) 
c 163.603 ( 1) 159.751 
322.603 (3) 
C3 49.409 8.203 
C2 30.627 22.365 
C4 26.372 75.551 
C5 39.547 107.044 
D 247.869 ( 1) 145.265 
254.480 (3) 
D2 32.692 ~ 170.125 
D3 81.068 177.054 
DAVIDS ROAD AREA 
' 11 179.093 (10) 144.403 
234.034 (13) 
A 87.441 24.922 
B 73.224 11.522 
c 60.091 3.183 
D 93.606 36.681 
E 62.524 54.058 
F 50.843 63.272 
G 42.028 145.550 
H 88.579 56.353 
I 65.670 71.664 
J 58.222 91.944 
K 136.144 81.817 
L 113.202 91.844 
M 108.808 106.478 
N 108.340 121.314 
p 112.042 137.953 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317,000+ 
309.981 571.832 1.1 em 
302.730 599.332 8.0 
287.415 596.092 3.1 
303.946 538.638 1.0 
353.096 579.121 2.4 
425.661 590.080 1.1 
452.746 631.403 1.8 
448.207 610.809 3.9 
451.584 585.233 2.7 
455.011 563.575 0.6 
497.667 636.202 3.1 
494.923 603.625 5.0 
481.166 556.831 1.6 
263.949 304.012 1.0 
176.582 300.417 1.2 
193.479 284.131 1.8 
212.156 273.553 3.8 
222.864 219.914 3.2 
524.537 242.210 4.3 
264.443 253.181 4.1 
305.649 298.780 3.2 
254.133 215.989 4.7 
274.164 239.151 11.4 
292.379 253.213 3.6 
308.501 175.374 7.9 
319.052 205.137 8.1 
339.208 225.440 6.4 
356.421 247.574 3.7 
372.293 275.472 4.4 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 6· MARCH 2nd-6th (1982) .
MEASURED 
subtended 
SURVEY distance angle 
POINT (metres) (degrees) 
MOTOR CAMP AREA 
A 96.853 (1) 153.622 
92.133 (2) 
A2 28.425 164.899 
A3 33.130 136.721 
AS 33.734 9.957 
B 112.929 ( 1) 109.339 
112.612 (2) 
c 163.609 ( 1) 159.744 
322.602 (3) 
C3 49.415 8.208 
C2 
C4 26.369 75.551 
C5 39.548 107.044 
D 247.879 ( 1) 145.260 
254.477 (3) 
D2 32.685 - ' 170.082 
D3 81.070 177.064 
DAVIDS ROAD AREA 
11 179.094 (10) 144.400 
234.043 (13) 
A 87.442 24.922 
B 73.237 11.518 
c 60.085 3.189 
D 93.605 36.681 
E 62.516 54.057 
F 50.854 63.269 
G 42.031 145.539 
H 88.593 56.353 
I 65.673 71.672 
J 58.237 91.942 
K 136.161 81.810 
L 113.201 91.842 
M 108.822 106.474 
N 108.333 121.310 
p 112.050 137.950 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317,000+ 
309.987 571.831 1.5 em 
302.750 599.319 10.4 
287.423 596.089 3.9 
303.951 538.641 1.6 
353.104 579.107 2.9 
425.674 590.075 2.5 
452.765 631.402 3.7 
451.594 585.230 3.7 
455.026 563.570 2.0 
497.680 636.202 4.3 
494.962 603.630 8.9 
481.168 556.833 1.3 
263.942 304.028 0.9 
176.581 300.417 1.3 
193.467 284.122 2.7 
212.164 273.550 4.7 
222.865 219.915 3.2 
254.538 242.218 3.7 
264.440 253.170 4.6 
305.651 298.771 4.1 
254.131 215.975 4.7 
274.173 239.150 12.2 
292.384 253.199 4.8 
308.491 175.353 7.8 
319.049 205.136 7.8 
339.213 225.424 7.9 
356.411 247.571 3.3 
372.299 275.465 5.3 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 7: APRIL 6th-9th (1982} 
MEASURED 
sub tended 
SURVEY distance angle 
POINT (metres} (degrees) 
MOTOR CAMP AREA 
A 96.846 (1) 153.622 
92.140 (2) 
A2 28.410 164.931 
A3 33.120 136.717 
AS 33.723 9.956 
B 112.944 (1} 109.337 
112.604 (2) 
c 163.609 (1) 159.739 
322.604 (3) 
C3 49.420 8.206 
C2 30.628 22.386 
C4 26.364 75.547 
C5 39.539 107.039 
D 247.879 (1) 145.261 
254.475 (2} 
D2 32.693 170.063 
D3 81.067 177.067 
DAVIDS ROAD AREA 
11 179.097 (10) 144.401 
234.041 (13) 
A 87.433 24.922 
B 73.221 11.514 
c 60.087 3.189 
D 93.603 36.681 
E 62.509 54.056 
F 50.844 63.267 
G 42.041 145.533 
H 88.582 56.350 
I 65.654 71.667 
J 58.254 91.936 
K 136.164 81.811 
L 113.202 91.839 
M 108.819 106.469 
N 108.342 121.308 
p 112.050 137.942 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey 1 
750,000+ 317 ,000+ 
309.989 571.824 1.6 em 
302.772 599.302 13.1 
287.430 596.074 5.4 
303.955 538.645 2.1 
353.106 579.122 3.3 
425.678 590.071 3.0 
452.769 631.404 4.1 
448.231 610.794 6.4 
451.594 585.229 3.8 
455.026 563.576 1.8 
497.678 636.204 4.1 
494.970 603.623 9.7 
481.162 556.837 1.5 
263.945 304.030 0.9 
176.590 300.418 1.0 
193.484 284.122 2.8 
212.162 273.549 4.6 
222.866 219.917 3.1 
254.538 242.226 3.1 
264.438 253.180 3.8 
305.660 298.766 4.9 
254.128 215.986 4.2 
274.165 239.168 10.7 
292.387 253.181 6.3 
308.494 175.351 8.1 
319.044 205.132 7.6 
339.204 225.420 7.5 
356.417 247.563 4.3 
372.295 275.450 6.4 
ANALYSED DATA - INTERIM SURVEYS 
SURVEY 8: JUNE 15th-18th (1982) 
MEASURED 
subtended 
SURVEY distance angle 
POINT (metres) (degrees) 
MOTOR CAMP AREA 
A 96.844 (l) 153.617 
92.144 (2) 
A2 28.384 164.951 
A3 33.105 136.710 
AS 33.714 9.957 
B 112.943 (1) 109.340 
112.605 (2) 
c 163.615 ( 1) 159.745 
322.596 (3) 
C3 49.416 8.217 
C2 30.627 22.399 
C4 26.368 75.560 
C5 39.541 107.058 
D 247.882 (1) 145.257 
254.47 (3) 
D2 32.696 170.050 
D3 81.050 177.069 
DAVIDS ROAD AREA 
ll 179.094 (10) 144.401 
234.036 (13) 
A 87.443 24.924 
B 73.221 11.522 
c 60.085 3.188 
D 93.598 36.679 
E 62.506 54.056 
F 50.844 63.269 
G 42.039 145.531 
H 88.596 56.351 
I 65.686 71.678 
J 58.254 91.940 
K 136.173 81.814 
L 113.218 91.843 
M 108.818 106.469 
N 108.348 121.307 
p 112.052 137.943 
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NEW COORDINATES 
MOVEMENT 
metres N metres E from Survey l 
750,000+ 317,000+ 
309.994 571.822 2.1 em 
302.794 599.278 16.1 
287.444 596.059 7.4 
303.959 538.653 3.0 
ADJUSTED COORDINATES 
353.103 579.120 3.0 
425.676 590.081 2.5 
452.774 631.405 4.6 
448.234 610.797 6.7 
451.594 585.232 3.7 
455.017 563.574 1.1 
ADJUSTED COORDINATES 
497.685 636.200 4.9 
494.985 603.616 11.3 
481.172 556.850 0.8 
263.948 304.017 0.5 
176.587 300.420 0.8 
193.481 284.131 1.9 
212.163 273.551 4.5 
222.865 219.923 2.7 
254.538 242.229 3.0 
264.440 253.180 3.9 
305.658 298.764 5.0 
254.128 215.972 4.5 
274.182 239.138 13.6 
292.391 253.183 6.4 
308.504 175.344 9.3 
319.059 205.122 9.4 
339.203 225.420 7.5 
356.421 247.558 4.9 
372.297 275.451 6.4 
REDUCED LEVELS 
= R.L. + Instrument h~ight ±~h - Target height 
a 
horizontal distance x tan V.A. (from 90°) 
Height of IT 10 = 100.00 m (arbitrary datumn) 
AUGUST 1981 
Horizontal 
Point distance 
11+10 179.097 
ll+H 88.584 
ll+I 65.596 
ll+J 59.192 
SEPTEMBER 1981 
ll+H 88.584 
ll+I 65.628 
ll+J 58.192 
OCTOBER 1981 
ll+H 88.585 
ll+I 65.639 
ll+J 58.207 
NOVEMBER 1981 
ll+H 88.586 
ll+I 65.645 
ll+J 58.218 
FEBRUARY 1982 
ll+H 88.579 
ll+I 65.670 
ll+J 58.222 
MARCH 1982 
ll+H 88.593 
ll+I 65.673 
ll+J 58.237 
HEIGHTING 
DAVIDS ROAD AREA 
Vertical 
angle H.I. H.T. 
88.948 1. 75 1.61 
102.573 1. 75 0.05 
107.441 1. 75 0.05 
109.736 1. 75 0.05 
102.632 1. 79 0 
107.530 1. 79 0 
109.812 1. 79 0 
102.620 1.77 0 
107.518 1.77 0 
109.790 1.77 0 
102.625 1. 78 0 
107.528 1. 78 0 
109.792 1. 78 0 
102.648 1.81 0 
107.562 1.81 0 
109.833 1.81 0 
102.622 1. 76 0 
106.753 l. 76 0.98 
109.786 1. 76 0 
Reduced 
level 
96.57 
78.513 
77.662 
77.393 
78.507 
77.630 
77.396 
78.506 
77.621 
77.396 
78.508 
77.617 
77.399 
78.502 
77.596 
77.381 
78.491 
77.581 
77.379 
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movement 
0.6 em 
3.2 
0.3 
0.7 
4.1 
0.3 
0.5 
4.5 
0.6 
1.1 
6.6 
1.2 
2.2 
8.1 
1.4 
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APRIL 1982 
Horizontal Vertical Reduced 
Point distance angle H.I. H.T level movement 
11-+H 88.582 102.602 1. 74 0 78.506 0.7 em 
11-+I 65.654 106.702 1. 74 1.02 77.590 7.2 
11-+J 58.254 109.765 1. 74 0 77.377 1.6 
JUNE 1982 
11-+H 88.596 102.635 1. 78 0 78.490 2.3 
11-+I 65.686 106.738 1. 78 1.03 77.566 9.6 
11-+J 58.254 109.811 1. 78 0 77.365 2.8 
AUGUST 1982 
11+10 179.097 88.930 1. 73 1.63 96.56 
11-+H 88.583 101.983 1. 73 1. 00 78.489 2.4 
11-+I 65.696 106.688 1. 73 1.04 77.555 10.7 
11-+J 58.256 109.759 1. 73 0 77.364 2.9 
A9.3 ACCURACY 
Whenever possible the same method and equipment was 
used to reduce calibration and calculation variations. 
Averaged sets of angles were assumed accurate to 10 seconds 
yielding an error of ±5 mm over a 100 m line. Since most 
"ties" were less than 100 m and the quoted accuracy of the 
Wild Dl3 ±5 mm then a maximum survey error of ±1 em was 
assumed. 
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Movement is shown on survey network plans by displace-
ment vectors which are relative to either control point 1 in 
the Motor Camp area or base point 11 in the Davids Road area 
(refer map enclosure) . Their orientation especially those up 
to 30 mm is greatly affected by a small variation normal to 
their direction, however general trends do show up. 
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A9.4 SURVEY PROGRAMME 
(written for a Texas Tl59 calculator) 
PROGRAMME DESCRIPTION 
To find the rectangular coordinates of a third survey 
point by entering 
1) the rectangular coordinates of two other 
survey stations; 
and either 2) enter the two distances from these 
stations to the third survey point; 
or 3) enter the distance from one survey 
station to the third point and the angle 
subtended between that distance and a line 
joining the two survey stations. 
CONVENTIONS FOR ENTERING DATA 
+ 
+ RIG IN 
-----------+-------------E 
STATION A 
(NA,EA) ) a 
SURVEY 
C POINT 
1) Rectangular coordinates are expressed in northings and 
eastings; + for north, - for south,· + for east, - for west. 
2) To avoid a wrong solution (two solutions are possible) data 
must be entered in either of the three following sequences 
to obtain the coordinates of survey point c. 
291 
1) If the distance BC and angle 'b' are known then enter; 
coords of B + distance BC + angle 'b' + coords of A. 
2) If the distance AC and angle 'a' are known then enter; 
coords of B + angle 'a' +distance AC + coords of A. 
3) If the two distances BC and AC are known then enter; 
coords of B + distance BC + distance AC + coords of A. 
USER INSTRUCTIONS 
STEP PROCEDURE ENTER PRESS DISPLAY 
1 Printer on, calculator on 
2 Read in program 
3 Enter northing of B (NB) eg400 A 400 
4 Enter easting of B (EB) eglOO R/S 100 
either 5 (1) Enter distance BC eg670.8 R/S 670.8 
(2) Enter angle b R/S 
or 6 (1) Enter angle a R/S 
(2) Enter distance AC 608 R/S 
or 7 (1) Enter distance BC R/S 
( 2) Enter distance AC R/S 
8 Enter northing of A (N ) A eg-300 R/S -300 
9 Enter easting of A (EA) eg-200 R/S -200 
10 Run program; press @] for step 5 CorEorB 
00 for step 6 
~ for step 7 
Northing and Easting of c are 
printed in that order. For next 
triangle proceed from step 3. 
FORMULAE/CONVENTIONS 
RECTANGULAR TO POLAR: 
AZIMUTH 
-Ve 
0 
AZIMUTH 
+Ve 
Triangle is treated as though B were at origin: 
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Rectangular to polar conversion derives Az 1 and radius R (AB) 
0 
e.g. -113•199 
e.g. ~ = 43•603° 
Az 2 = Az 1 - ~ = angular coord.· of c 
e.g. -113•199 - 43•603 = 156•802 
Polar coords of C are converted back to rectangular coords. 
CALCULATION OF SURVEY POINT MOVEMENT 
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To find out the distance between two sets of rectangular 
coordinates; either point can be entered first. 
STEP PROCEDURE. ENTER PRESS DISPLAY 
1 Calculator on 
2 Read'in program 
3 Enter Northing (NA) D 
4 Enter Easting (EA) R/S 
5 Enter Northing (NB) R/S 
6 Enter Easting (EB) R/S 
Point NB and is assumed to be the origin and distance 
between points is determined by rectangular to polar conversion; 
radius 'R' being the distance between points. 
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A9.5 CADESTRAL REPORTS 
CLARK BREWSTER McDONALD & ASSOCIATES 
Department of Geology 
Canterbury University 
I lam 
CHRISTCHURCH 
ATTENTION: Mr D H Bell, Senior Lecturer, Engineering Geology 
Dear Sir 
GROUND MOVEMENT MOERAKI 
A recent enquiry from Mr Ashley Muir of Mason & Wales, 
Architects, Dunedin, has resurrected a situation that 
occurred during the period July- October 1979.during 
which a survey was executed to re-establish the boundaries 
of Pt Sec 2 Blk XVI Tmvn of Hoeraki. Definition was based 
on reproduction from the original town layout plan to fix 
certain boundaries and it transpired that this definition 
was not accepted by the Chief Surveyor thus initiating 
correspondence and culminating in an investigation survey 
being carried out by the Lands & Survey Department in the 
l-!oeraki area at our request. 
Nr Muir has been approached by his clients, the 11athiesons, 
~~hom we believe are no•,.; in possession of Certificate of Title 
89/165 being Section 13 of the town of Moeraki. His clients 
are anxious in respect of earth movement in that area and we 
would here confirm that our survey originated in TENBY STREET 
and concluded in END STREET and the resultant discrepancies 
between a direct reproduction of the original section layout 
and its current position was of the order of 2m, said movement 
having taken place over a period from approximately 1890 to 
the present time. During the course of our investigations 
the opportunity was taken to refer to Mr Bensons reports of the 
area and on perusing and reading his comments, it was concluded 
that our survey had traversed one of a series of major faults 
referred to by him in his report. 
We understand that Mr Molleneux is currently involved in research 
in the area and would here refer you to the Department of Lands 
& Survey, in particular the Chief Surveyor, for the documentation 
which is a matter of record and will be on their files, said file 
also containing our documentation in respect thereto. 
. .... /2 
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ORIGINATING OFFICE: 
56 Tennyson Sttee! Dunedin 
P.O. Sox 511 J 
Telephone; 770·590 
.2 
Mr D H Bell 22 July 1981 
The situation not only presents interesting geological implications 
but there are broader implications with respect to the land title 
system particularly in relation to the reproduction of titled 
boundaries where earth movement is recorded. 
l'le trust that this information will be of interest to you and should 
the services of our firm be required we would be most happy to assist, 
but we would recommend that you contact the Chief Surveyor at the 
Lands & Survey Department who will, I am sure, be happy to assist in 
the first instance. 
Yours faithfully 
·,\ILJ l-_ ----~\ 
J G Brewster 
Surveying Consultant 
JGB:JO 
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L. & s. F. 2 
DEPARTMENT OF LANDS AND SURVEY 
TELEGRAPHIC ADDRESS: 'LANDS' 
FOR VERBAL INQUIRIES 
PLEASE ASK FOR Mr Petre 
TELEPHONE No. 770-6')0 
16 October 1981 
Mr M Molyneux 
~ineering Department 
University of Canterbury 
CERISTCHURCH 
Dear Sir 
MOERAKI - LAND MOVEMENT 
OUR REFERENCE: /t,.../'ft.3 
YOUR REFERENCE: 
DISTRICT OFFICE, 
P.O. BOX 896 
DUNEDIN 
I have inspected the cadastral survey plans in Moeraki about the 
area you are investigating. 
Plans are 
Plan Number ~ 
so 14577 1863 
so 14579 1863 
so 14576 Assume 1863 
No date 
so 14585 1922 
m 75 1928 
so 12356 1956 
so 12579 1957 
DP 10267 1961 
so 1;127 1961 
so 13208 1962 
DP 10621 1962 
DP 10377 1962 
DP 11016 1965 
DP 11464 1967 
DP 11746 1968 
so 16979 1969 
DP 15253 1973 
DP 15719 1975 
Remarks 
Old marks shown on subsequent 
plans show no sign 
of significant movement 
) Indications that there is some 
) movement supported by FB page 28 betweenj 
1922 to 1954 
Generally without calculations 
no significant change in positioning 
l Discloses some differences 
Shows differences on marks established 
on DP 10377 
Date 1962 
2 
Also some marks in FB 1495 page 28. 
To make use of this information you would need to investigate closely 
the differences that may be disclosed and decide whether they are due to 
earth movement or survey differences. Equally significant is that there 
are little or no differences disclosed until 1928. 
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To pr'operly assess this information is a major job however this memo gives 
you some idea of the records of survey that are available and if you wish 
to have any particularly small area looked at I may be able to assist you. 
The records are certainly available for your perusal. 
Yours faithfully 
~ /a C Petre 
Chief Surveyor 
Attached are copies of two reports suggesting 
earth movement. 
oCit-
: .. \ 
I-{ct'T"'boili" 
- G""J969 f 262A-j 
\ 
Gaz 1962 1' 7 71 
I 
f 
1 
~J-
__ -:1,,_ 
;:-:[1. IS.?•I 
J691tO 
' -. 
t\.J 
\.0 
\.0 
~Surveyor, 
LEADING LIGHTS - MOERAKI 
11/30 
DUNEDIN. 
27 April 1970 
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SA~':~j f'-t & '7//~ <o· ' 
SO /G::, c) /C1 
_-_· -···· .... ----
In the fix of these marine beacons it was necessary to run 
'trave'rses and place several survey marks. A plan has been drawn 
'for survey information. A previ~us report is on folio 200. ;::;~, 
I Origin of bearings Trig E - Trig Shag Point Origin of co-ordinates Trig E 
I 
J 
/'Bearings and co-ordinates are in terms of geodetic datum. 
Rays were observed from trig E to OITX and OITY, ML66 .and from 
the comparison obtained 40 11 has. been added to all old bearings 
to bring_the surveys in terms of geodetic datum. 
Traverses have been run from trig E.to connect with surveys 
in the Town of Moeraki and from adopted work co-ordinates have 
been obtained for several old ma~ks including O~TX ML66~ 
- . 
Where old work was tied toJ it, was difficult to establish 
agreement between any of the marks. Differences were so 
inconsistent this can only be put down to earth movement in the 
area. 
The OIT shown south of ITXV.is possibly ITIV S012579. It 
was loose in the ground and protruding 1 inch. Neither ITIV 
nor:the peg. placed ()n section 4 could be found and it appears 
that the OIT found could be ITWshifted to another position. 
Other marks on S012579 looked for were lTV which was not found 
and ITVIII which has been disturbed. 'The ray ITVII to ITXI is 
now blocked by a house. 
///// /l ' /;/ /. / /f ~/')/;,-{::;:/~ 
M.H. Warburton 
Senior Surveyor. 
301 
H.N.Z.I.S. 
STRINGER'S BUILDING, 
(/ r;-·. 
/• .. ~ 130 THAMES ST., (Cnr. Eden St.) 
OAHARU. 
REGISTERED SURVEYOR 
SURVEY REPORT. 
Sections 8 & 9 Blk 111 Town of Moeraki. 
The Ini tia 1 Sea ring was between Trig s 'E' & 1 Y 1 • 
The Position of O.P. s.o. 586 Town was accepted to fix the North 
Western corner. The original bearings and distances were accepted to 
fix the alignment of the Street frontages and original bearings and adjuste~ 
distances used on the other two boundaries. 
I. T. lV and I.. T. V And the peg on the rear boundary of Section 4 as 
shown on s.o. 586 Town were searched for unsuccessfully. 
the O,I.T. no-Record co·uld presumably be in Posn of O.P. Vll S.0.586 Tn 
but due to massive soil creep in this area the reliability of any old marks 
is questionable. 
O.I.T. XXl of S.O. 13127 was also searched for unsuccessfully, 
L /)./-1 R red Surveyor. 
I'" ·;· ,- .-/ : 
(.) .:. _) _;· 
AlO.l 
Al0.2 
APPENDIX 10 
PROGRESSIVE FAILURE 
Introduction 
Mechanism of Progressive Failure (A Model) 
Susceptibility of Over-consolidated Clays 
to Progressive Failure 
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INTRODUCTION 
The theory of progressive slope failure was originally 
developed by Skempton (1964) and Bjerrum (1967) to explain 
the apparent anomaly of first time slide in some over-consoli-
dated clays occurring well below peak strength. 
Skempton (1964) drew a number of important conclusions 
relating to the long term stability of clay slopes: 
1) After a slide has taken place the strength along 
a slip surface is equal to the residual value. 
This value can be defined by the angle of shearing 
resistance ~r and is the result of clay particle 
orientation. 
2) ~r is independent of the clays original strength 
and properties such as water content, liquidity 
index ••. ; its value dependerit on size, shape and 
mineralogical composition of the particles. 
3) Analysis of first-time slides in non-fissured 
clays showed failures initiated at strengths only 
slightly less than peak. 
4) Back analyses of first time slides in fissured 
clays showed stress at failure nearly equal to 
the residual strength and therefore some method 
of "progressive failure" was required to take 
the clay past peak strength. 
The rate at which a continuous sliding surface will 
develop by progressive failure can vary from one clay to 
another and in the stiffer clays the rate can be so small 
that the delay of a slide may be in the order of centuries 
(Bjerrum, 1967). 
If the progressive failure phenomenon is ignored and 
stability is based on peak strength parameters a dangerously 
unstable slope may be assumed safe. 
AlO.l MECHANISM OF PROGRESSIVE FAILURE (A Model) 
Bjerrum (1967) developed a simple mathematical model 
for the propagation of a continuous rupture surface amidst 
"unfailed 11 clay slopes (Fig.AlO.l). 
Consider a simplified case of a small block (OO' ,AA') 
from a uniform stable slope of inclination a. 
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To initiate progressive failure there must be a discon-
tinuity of some type somewhere in the slope. In this case it 
is assumed a cut with vertical walls is made exposing the face 
00'. Removal of lateral support by excavation produces a 
redistribution of internal stresses; it is assumed AA' is 
sufficiently far away from the excavation so as not to be 
affected. 
The difference between horizontal and vertical stress 
will maximise at point 0 so this represents the point of 
greatest shear stress (Fig.AlO.l). 
The question of whether excavation will initiate a 
progressive failure or not is dependant on whether increased 
shear stress exceeds peak strength of the clay. If it does 
a local failure will propagate along (O,P1 ) until shear stress 
along this surface (due to the difference in horizontal .and 
vertical stress) is less than peak strength of the clay. 
Assuming a large increase in strain accompanies failure across 
this zone (release of latent strain energy) , clay strength will 
be taken well past peak and approach the residual value. If 
the residual strength is so low or the inclination of the 
slope (a) is so high that the block of clay on the already 
formed failure plane moves downhill, lateral pressures along 
(P,P 1 ') willbe removed. shear stress concentrated at P1 and 
the failure surface will progress backwards along P1 ,A. 
The assumption that progressive failure will progress 
approximately parallel to the slope is based on observations 
of actual slides rather than theoretical proof. 
Based on this simplified model some pre-requisites for 
Slope 
a) 
£·0 
-
-
b) 
Slrcssu 
c) 
strain 
o' 
INITIAL FAILURE 
P.' ,
P, 
A' 
-
E 
-
-A 
.-·-
Shear stresseS 
before local failure 
PROGRESSIVE FAILURE e) 
P.' B' P.' -
o' 
I 
E 
§:... .--
-
B-
Pz p 0~ I 
nslope nclinolion d 
f) 
B' 
Shear stresses 
after pro-
gressive failurt 
Shear st~sses after 
I local failure (before progressive failure) 
g) 
Pz 
~~k----1;;:-:::t::sr:"::[ Failure zone . 
. ~ I 
d) 
Diffucnlial 
slroin acr_oss 
foilurr: t.onc: 
I . 
. I h) 
cl---b--i=A-.. 
0 P, 
Fig.AlO.l: Principle of development of continuous sliding surface 
by progressive failure. (Bjerrum, 1967, Fig.2). 
NOTE: 
Overconsolidated plastic Overconsolidated plastic Overcon-
clay with weak bonds clay with strong bonds . solidated clay 
with low 
unweathered weathered unweathered weathered plasticity 
PHI 5 peak 2 3 0-1 3 1 
EH/Epeak 2 2 1 3 0-1 
speaklsres 2 1 3 2 0-1 
Relative dan-
ger of High High progressive 
Low Very high Very low 
failure 
Potential for progressive failure of various types of clay, based on an evaluation of 
the degree to whlch the three significant ratios are fulfilled. Notations used: 
0 Fulfillment not pronounced 
1 Fulfillment less pronounced 
2 Fulfillment pronounced 
3 Fulfillment very pronounced 
lateral internal stress: 
peak shear strength 
stored, recoverable strain energy: 
failure stain 
residual strength 
5 peak 
SH 
speak 
sresidual 
Fig.Al0.2: Relative potential for progressive failure for differing 
degrees of over-consolidation. (Bjerrum, 1967, Table 3) 
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progressive failure can be specified. 
1) There must be a discontinuity within the clay mass 
or at its boundary where failure can be initiated 
producing deformations which allow advancement of 
the failure surface (excavation, erosion, presence 
of fissures). 
2) Local shear stress caused by this discontinuity 
must exceed the peak strength of the clay. 
3) There must be sufficient strain to take the clay 
beyond peak strength and approach the residual 
value. 
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4) The clay must show a large and rapid decrease in 
shear strength with strain after failure, so shear 
resistance along the rupture zone allows sufficient 
displacement of the failed block to move the zone 
of stress concentration to neighbouring areas of 
unfailed clay (ie. material must have shear-stress 
behaviour showing a pronounced peak, characteristic 
of over-consolidated clays) . 
AlO. 2 SUSCEPTIBILITY OF OVER-CONSOLIDATED CLAYS TO 
PROGRESSIVE FAILURE 
The more over-consolidated the clay, the more recoverable 
strain energy and consequently the greater the danger of pro-
gressive dailure. Also the steeper the slope and the deeper 
the cut to initiate failure the better the conditions for 
progressive failure. 
However for the same degree of over~consolidation, and 
topography three main factors govern a clay's susceptibility 
to progressive failure: 
1) strength of diagenetic bonds; 
2) if the clay is weathered or unweathered; 
3) if the clay is of high or low plasticity. 
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Bjerrum {1967) produced a chart indicating potential 
for progressive failure based on these three factors (Fig.Al0.2). 
Inover-consolidatedclays with weak bonds danger of 
progressive failure is large but with strong diagenetic bonds 
strain energy is locked in and therefore chances of progressive 
failure in the unweathered clay are small. Once bonding is 
gradually destroyed by weathering strain energy is released 
and danger of progressive failure increases. 
For comparative purposes Bjerrum included a clay of 
low plasticity; danger of progressive failure is very low due 
to small percentages of active clay minerals (smectites) 
resulting in low recoverable strain energy and small strains 
accompanying failure, (ie. the clay is not brittle and does 
not show significant reduction in strength when strained 
beyond failure) • _ 
The rate of progressive failure, which determines time 
delay until slope failure is difficult to assess. However 
three sets of conditions are distinguished by Bjerrum {1967). 
1) If the difference between lateral and vertical 
stress, due to the slope discontinuity, is large, 
resulting in a shear stress much greater than 
the undrained strength of the clay a progressive 
failure will develop rapidly. 
2) If the discontinuity results in shear stresses 
smaller than undrained strength but larger than 
drained strength then progressive failure will 
not occur rapidly. In the zone of shear stress, 
the clay will dilate and increase in moisture 
content (depending on the availability of water) 
and with time decrease from the undrained to the 
drained strength. Therefore the rate at which 
progressive failure will proceed is dependent on 
time required to reduce from undrained strength 
to that of the acting shear stress. 
3) If the discontinuity causes a she~r stress 
(difference between vertical and horizontal 
stress) less than the drained strength there 
will be no failure. 
It is also necessary to consider seasonal variations 
in the groundwater level causing changes in clays strength 
307 
both in the unfailed portion and slip surface already developed. 
Investigations pertaining to "rate" of progressive 
slope failure within the Hampden and Kurinui Formation have 
not been possible because of time restrictions imposed for 
thesis submission. 
